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1.  PROJECT :  2;  2-11,  Influence  of  High  Temperatures  on  the  Effic- 

iency  of  Personnel;  2-12,  Study  of  Methods  of  Attaining  and  Maintaining  • 
Acclimatization  to  High  Temperatures;  2-13  Effect  of  Training  on  the 
Efficiency  of  Performance  at  High  Temperatures;  arid  2-17,  Study  of  the 
••Physiologic  Effects  of  High  Temperatures. 

a.  Authority  —  Letter,  Commanding  General,  Headquarters  Armored 
Force,  Fort  Knox,  Kentucky,  File  bOO. 112/6  GNOHD,  dated  September  21,  19b2. 

Purpose  -  The  purpose  of  these  experiments  was  to  study,  under 
controlled  conditions  in  the  laboratory^ hot  room,  the  behavior  of  men  when 
exposed  to  high  temperature,  (as  implied  by  the  sub-project  titles),  and  to 
enlarge  upon  the  information  obtained  in  previous  studies  in  the  California 
desert  (Report  on  Desert  Field  Study,  Project  2-3,  File  No.  72b. 3,  October  20, 
.1942,  and  report  on  Tfator  &  Salt  Requirement  for  Desert  Operations.  Project 
;•  No.  2-6,  File  No.  333.3b,  November  12,  191j2.).  \  . 


2/-  ‘DISCUSSION!  - 


V 


'£■ — General.  Four  acclimatization  experiments^  utilizing  a  total 
of  fifty-six  enlisted  men,  were  carried  out  in  "ihe.hot  the  Armored 

.Force  Medical  Research  Laboratory.^' The  studies' extehaea“bvSr  .a  period  of 
four  months^  some  men  being  under  study  for  a  week;  a  great  majority 
of  the  men  for  periods  of  from  one  to  two  months.  Forty-eight  men  lived 
In  the  hot  room  continuously  throughout  the  duration  of  the  experiments 
being  permitted  to  leave  for  only  two  5-ainute. periods  daily. 

•  ~%hr  nMiujunrr  Temperatures  like  those  encguptered  during  the 
hot  months  in  the  California  desert  were  used;  12QfFduring  the  day  (0300- 
1700  hours)  and  9Q*F  at  night.  The  relative  humidity  .ranged  from  1$%  to 
22*. during  the  day.  Detailed  accounts  of  the. .test  procedures  and  the  re¬ 
sults  are  given  in-fche-Appendioee. 

*  ..  . 
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3.  CONCLUSIONS : 

.  \  .  .  . 

a.  Acclimatization. 

(1)  Soldiers  exposed  to  desert  heat  become  adapted  to  it  by  ,  . 
a  process  of  acclimatization  which  enables  them  to  carry  out  their  duties  , 
more  efficiently  and  with  less  risk  of  illness  from  heat  than  when  first 

exposed. 

(2)  The  condition  of  men  in  respect  to  their  ability  ^rkfait- 
ness  for'  their  tasks  in  the  heat  can  be  estimated  by  a  careful  observer  who 
knows  what  to  look  for.  Using  the  information  in  Appendix  I,  line  officers 
who  know  the  work  capacities  of  their  men,  can  determine  their  degree  of 
acclimatization  and  whether  or  not  it  is  safe  for  them  to  continue  activity. 

(3)  A  man  acclimatized  to  heat  works  in  the  heat  with  a  lower 
body  temperature,  lower  heart  rate  and  a  more  stable  blood  pressure,  than 
when  net  acclimatized.  (Appendix  II,  Chart  l)  Nevertheless,  acclimatization 
to  heat  cannot  be  measured  by  that* a  criteria  alone.  (Appendix  II,  Chart  ,2) 
Changes  in  pulse  and  temperature  accompany  acclimatization  but  do  not  nece¬ 
ssarily  correlate  with  the  man's  behavior  and  ability  to  work.  The  man  as  a 
whole  must  be  considered  and  evaluated. 

(4)  Acclimatization  begins  with  the  first  exposure.  The  pro¬ 
cess  is  rapid  aud  a  major  proportion  of  the  acclimatization  is  acquired  by 
the  third  or  fourth  day.  (Appendix  II,  Chart  3) 

(5)  Soldiers  in  good  physical  condition  acclimatize  more  quickly 
and  are  capable  of  a  greater  work  output  in  the  heat  than  are  men  in  poor 
physical  condition.  (Appendix  II,  Chart  4) 

(6)  Continued  training  in  cool  environments  beyond  that  nece¬ 
ssary  to  attain  good  physical  fitness  does  not  further  increase  the  ability  to 
work  in  the  heat  nor  shorten  the  period  of  acclimatization.  (Appendix  II, 
Charts  5,  6) 

(7)  Resting  for  three  or  four  days  in  the  heat,  with  activity 
limited  to  that  required  for  subsistence,  results  in  definite,  but  only  par¬ 
tial  acclimatization.  Some  work  in  the  heat  is  necessary  for  complete  accli¬ 
matization.  (Appendix  II,  Charts  5,  6) 

(3)  When  work  is  begun  with  first  exposure  to  the  heat  and  pro¬ 
gressively  increased  within  the  limits  of  tolerance  of  the  man,  full  accli¬ 
matization  (the  ability  to  perform  a  maximum  amount  of  strenuous  work  in  the 
heat)  is  attained  most  quickly.  (Appendix  II,  Charts  6)  . 

(9)  Strenuous  work  on  first  exposure  to  the  heat  is  not  well 
tolerated  and  will  often  result  in  disability.  Continuing  such  a  degree  of 
work  for  another  day  or  two  will  incapacitate  many  men  -  the  few  who  can  con¬ 
tinue  their  labors  do  so  ineffectively  and  inefficiently,  (Appendix  II,  . 

Chart  7) 


(10)  Excessive  work  on  first  exposure,  even  leading  to  heat 
exhaustion,  does  not,  however,  retard  the  rate  of  acclimatization  or  lessen 
the  degree  which  is  finally  attained,  provided  work  is  discontinued  upon 
the  appearance  of  symptoms;  water  and  salt  are  given;  and  work  when  later 
resumed  is  in  keeping  with  the  tolerance  of  the  soldier.  (Appendix  II, 
Charts  7,  8) 

i 

•  (11)  Three  or  four  exposures  to  heat  of  3  or  4  hours  duration 

with  two  cne-hour  work  periods  during  each  exposure,  will  produce  a  con- 
,  siderable  degree  of  acclimatization.  These  exposures  may  be  separated  by 
intervals  of- two  days  in  a  cool  environment.  (Appendix  II,  Chart  9) 

(12)  So  long  as  the  work  done  is  within  the  capacity  of  the 
man,  the  same  pattern  of  acclimatization  is  produced  bv  short  severe  exer¬ 
tion  (for  ten  minutes  of  each  hour,  4  or  5  times  daily)  as  by  moderate  work 
of  long  duration  (marching  12-1/2  miles  with  20  pound  pack  at  2-1/2  miles, 
per  hour) .  (Appendix  II,  Chart  10) 

(13)  The  well-acclimatized  man  deprived  of  adequate  re at  at 
night  is  incapable  of  producing  his  customary  amount  of  work  in  the  heat 
on  the  ensuing  day  or  does  so  leas  efficiently.  (Appendix  II,  Chart  11) 

(14)  Once  acclimatized,  the  soldier  will  retain  his  adap¬ 
tation  for  from  one  to  two  weeks  after  which  it  decreases  at  a  variable 
rate.  Host  men  lose  the  maior  portion  of  their  acclimatization  in  one 
month  -  a  few,  however,  are  able  to  retain  it  for  two  months.  (Appendix 
II,  Chart  12)  Hen  in  good  physical  condition  retain  their  acclimatization 
best,  provided  they  remain  in  training  after  acclimatization.  (Appendix  II, 
Chart  12a)  Repeated  exposures  to  heat  are  required  at  intervals  not  exceed¬ 
ing  one  month,  if  a  high  degree  of  acclimatization  is  to  be  maintained  for 
long  p  riods  of  time.  (Appendix  II,  Chart  13) 

(15)  Drinking  of  water  in  mounts  equal  to  tne  weight  (sweat) 
lost  during  work  increases  the  amount  of  work  which  can  be  done  on  first  ex¬ 
posure  to  heat.  The  rate  and  final  degree  of  acclimatization  attained,  how¬ 
ever,  are  not  influenced  by  the  water  intake  (forced,  moderately  restricted, 
or  taken  as  desired)  during  the  first  two  or  three  days  of  work  in  the  heat, 
provided  that  aft  -  this  initial  period  men  are  permitted  as  much  water  as 
desirod;  (Appendix  II,  Chart  14) 

(1/)  Suddenly  restricting  the  water  intake  of  men  working  in 
the  heat  leads  to  a  deterioration  of  morale  and  motivation,  reduces  greatly 
the  efficiency  with  which  work  is  performed,  decrease^  the  total  work  output, 
causes  disabling  symptoms  in  many  men  and  renders  others  incapable  of  sus¬ 
tained  purposeful  action.  This  holds  for  even  the  well-acclimatized  man. 
(Appendix  II,  Chart  15)  Gradual  reduction  of  water  intake  induces  changes 
similar  to  sudden  restriction,  differing  only  in  that  they  are  produced  more 
slowly.  • 


(17)  Acclimatization  to  hot  dry  (desert)  environments  increases 
in.  niredly  the  ability  of  men  to  work  efficiently  and  effectively  in  hot  moist 
(jungle)  environments.  (Appendix  II,  Chart  16) 

4.  RKCO^^ND  A  TT  ONS : 

a.  Troops  brought  to  a  hot  desert  should  when  possible  be  given 
at  least  a  four  day  period  for  acclimatization,  during  which  time  they  should 
be  supervised  carefully  by  medical,  line  and  non-commissioned  officers. 

fc.  Graded  amounts  of  work  should  be  done  during  acclimatization 
with  regulated  exposure  to  heat  during  the  midday  hours  (Appendix  I,  Schedule  1) 

r 

c.  Enough  water  should  be  drunk  to  satisfy  thirst  at  all  times. 

If  more  water  is  drunk  during  the  first  three  days  than  is  dictated  by  thirst 
alone,  work  will  be  accomplished  more  efficiently, 

d.  Unnecessary  exposure  to  sun  should  be  avoided.  It  increases 

the  water  requirement,  adds  to  the  danger  of  heatstroke  and  may  cause  serious  . 
sunburn. 

'  • 

e.  All  personnel  should  be  familiarised  with  the  signs  and 
symptoms  of  heat  exhaustion  and  should  be  instructed  in  methods  of  emer¬ 
gency  treatment  (Appendix  I). 

f.  All  officers  should  be  made  familiar  with  the  water  and  salt 
needs  of  their  men  and  be  acquainted  with  the  information  given  in  the 
Appendices. 

g.  *or  one  week  before  and  after  entry  into  a  hot  desert  troops 
should  be  given  adequate  rest  and  alcohol  should  be  prohibited.  Men  who 
have  had  recent  illness  should  not  be  exposed  to  heat  until  they. have  com¬ 
pletely  recovered  (and  are  back  in  good  physical  condition). 


Prepared  by: 

Captain  '.Villiam  3.  Bean 
Lieutenant  Ludwig  Bf.  Mchna 
Major  William  F.  Ashe 
Captain  S.  If.  Horvath 
Captain  Norton  Nelson 

APPROVED 

WILLARD  MACHLE 

2  Incls.  Lieut.  Col. ,. Medical  Corps 

#1  -  Appendix  I  Commanding 

-  Appendix  II,  with  Charts  (17) 
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APPENDIX  I 


GENERAL  RECOMMENDATIONS  FOR  SUPKRVTSTON  OF 
TROOPS  IM  HOT  DESERTS 


■  '1.  Schedule  of  graded  work  during  acclimatization 

Gradually  increasing  amounts  of  work  should  be  done  during 
the  acclimatization  period,  with  limited  exposure  to  heat  during  the  mid¬ 
day  hours.  A  schedule  set  up  according  to  the  following  plan  With  alter¬ 
nating  rest  and  work  periods  is  safe  for  practically  all  men;  it  provides 
for  work  during  the  cooler. morning  hours  and  in  the  hot  afternoon  hours. 
Local  and  regional  variations  may  call  for  slight  modifications.  During 
the  midday  period  the  men  should  r<.st  and  keep  in  the  shade  as  much  as 
possible. 

Proposed  Schedule  of  Work  "uring  Period  of  Acclimatization 
When  Maximum  Air  Temp,  is  When  Maximum  Air  Temp. 

90  to  105°F  is  105°F  and  Over 

_  '  Hours  of  Work 

First  Day  0700  -  0900  and  1500  -  1700 

Second  Day  0700  -  1000  and  1J;30  -  1630 

Third  Day  0700  -  1000  and  11*00  -  1700 

Fourth  Day  0700  -  1100  and  1330  -  1750 

Fifth  Day  Regular  Duty 

Sixth  Day  Regular  Duty 

« 

The  working  period  should  be  divided  so  that  a  man  works  and 
rests  in  alternating  half-hour  periods.  Two  teams  can  be  arranged  to  work 
in  sequence.  The  work  should  equal  that  of  marching  with  a  20  pound  pack  at 
the  rate  of  ?.i>  lies  per  hour.  Lighter  work  may  be  carried  out  for  longer, 
and  heavier  work,  for  shorter  times. 

2.  Symptoms  of  Heat  Exhaustion. 

Symptoms  of  heat  exhaustion  should  serve  as  a  warning  to 
cease  work  immediately  and  lie  down  -  if  possible  in  a  shady  place. 

Plenty  of  water  should  be  drunk.  These  warning  symptoms  are:  flushed 
face,  headache,  dizziness,  irritability,  shortness  of  breath,  nausea, 
occasionally  vomiting  and  sometimes  abdominal  cramps  or  cramps  in  the 
muscles.  A  man  in  danger  of  imminent,  collapse  can  often  be  recognized  . 
by  his  flushed  face,  weakness,  incoordination  or  stumbling  gait. 


cL/*/ 


0300  -  1000  and  1500  -  1600 
0700  -  1000  and  1500  -  1600 
0700  -  1000  and  UjOO  -  1600 
0700  -  1000  and  1330  -  1630 
0700  -  1100  and  1330  -  1630 
Regular  Duty 
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3.  First-aid  Treatment.  ‘ 

When  a  man  nas  collapsed  from  the  heat,  first-aid  treatment 
should  be  started  at  once  by  anyone  at  hand.  The  following  should  be  done, 
in  the  order  named: 

a.  Put  the  man  in  the  shade. 

b.  Send  for  a  medical  officer  and  an  ambulance. 

c.  Remove  the  man's  clothing  and  sponge  the  body  with  water, 
fanning  vigorously  to  help  evaporation. 

d.  Give  cool,  salted  water  to  drink,  if  it  can  be  retained. 

For  a  day  or  two  before  prostration  a  soldier  may  appear  below 
par  and  have  a  poor  appetite.  Men  showing  these  early  effects  of  heat  should 
be  given  plenty  of  water  and  adequate  salt  and  be  relieved  of  work  untj.1  they 
have  recovered. 

li.  Physical  Characteristics  in  Relation  to  Heat  Tolerance. 

* 

For  protracted  missions  or  when  water  i3  restricted,  men 
with  the  following  characteristics  will  do  best: 

a.  Physical  characteristics  -  men  of  below  average  to  average 
stature,  preferably  of  the  lean,  wiry  type,  having  a  low  ratio  of  body  mass 
to  surface  area.  Large  stocky  and  fat  men  perform  at  a  much  poorer  level. 

b.  Age  -  between  20  and  30  years. 

c.  Physiologic  characteristics  -  capable  of  working  stren¬ 
uously  in  natural  or  artificial  hot  environments  without  great  rise  in 
body  temperature  or  pulse  rate  and  without  complaints. 

d.  Physical  condition  -  maximum  physical  fitness  is  essential. 
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APPENDIX  II  . 


A.  BXPEMTSKTAL  CONDITIONS  A>rD  PRCC2DUR5S 

"  V 

*■  V  •  , 

1  1.  Environment  -  Air  temperature  during  the  day  (OCOO  hours  to 

■  1700  hours)  120°F,  during  the  night  (1GGO  hours  to  0630  hours)  90°F; 
relative  humidity  between  15/S  and  22t  during  the  day.  Cno  hour  v.as 
required  to  change  frcm  one  temperature  to  the  other,  './all  and  floor 
temperatures  were  in  equilibrium  with  air  temperatures.  No  additional 
radiant  heat  was  supplied  and  the  environment,  therefore,  was  not  as 
severe  as  that  of  a  desert,  with  identical  temperature  and  humidity. 

Two  sources  of  heat-gain  present  in  the  desert  were  lacking  in  this  ex¬ 
periment;  (a)  the  radiant  heat  of  £he  sun,  (b)  the  heat  from  the -desert 
terrain  which  reaches  U+0°F  to  160  F.  A  moderate  degree  of  air  move¬ 
ment  was  obtained  by  means  of  two  26-inch  fans  or  four  10-inch  fans. 

’The  rate  of  air  movement  was  not  measured. ' 

Since  the  studies  were  carried  t  during  five  vdnter  months, 
the  experimental  environment  represented  an  extreme  change  in  environ¬ 
ment  for  the  subjects. 

2.  Sxtericental  subjects  -  56  unlisted  men;  4 8  lived  continuously 
in  the  hot  room,  8  lived  in  barracks,  reporting  to  the  Laboratory  for 
exposure  periods.  The  age  limits  of  the  men  were  17  and  43  years,  but 
the  majority  were  between  20  ana  28  years. 

3.  Clothing  -  1'en  wore  what  they  chose;  during  the  hot  periods, 
only  cotton  shorts,  shoes  and  socks;  during  the  preliminary  cool  period, 
.regulation  fatigue  clothing. 

4.  Preliminary  training  -  Before  be in subjected  to  the  hot  environ¬ 
ment  men  worked  in  cool  temperatures  (70  F  to  76  F)for  one  week.  Dur¬ 
ing  this  period  their  work  was  the  sane  as  that  which  they  were  to  perform 
later  in  the  heat.  This  procedure  accustor.ed  the  man  to  the  work  and  ex¬ 
perimental  procedures,  and  produced  a  more  uniform  state  of  physical  fitness 
in  all  men, 

5.  Activity  in  the  hot  environment  -  For  test  purposes  the  men  were 
divided  into  three  groups  according  to  activity: 

Group  I.  Besting. 

The  men  in  the  resting  group  were  permitted  to  rest  for  3 
or  four  days  in  the  heat  before  beginning  work. 


Group  II.  Hiding  bicycle. 

The  men  in  the  bicycling  group  performed  strenuous  work 
for  short  periods;  pedalling  a  stationary  bicycle  for  ten  minutes  each 
hour,  five  times  a  day. 

Group  III,. Walking. 

The  walking  group  was  the  largest  of  the  three.  These 
men  performed  work  of  moderate  severity  for  long  duration,  namely,  walk¬ 
ing  at  a  standard  army  pace  while  carrying  a  20  pound  pack.  A  walk  of 
2-1/2  miles  in  4 7  to  50  minutes  constituted  a  "work  period".  A  rest  of 
10  to  13- minutes  was  given  between  successive  work  periods.  Unless 
disabled,  the  men  walked  two  successive  periods  in  the  morning  and  three 
in  the  afternoon,  walking  a  total  of  12-1/2  miles  a  day.  The  data  and 
conclusions  of  this  report  are  based  for  the  most  part  on  observations 
made  upon  men  performing  this  type  of  work.  Certain  exceptions  are  men¬ 
tioned  in  the  text. 

The  eight  men  who  lived  in  their  barracks  were  subjected 
to  the  hot  environment  for  4  hours  in  the  morning,  returning  to  their 
quarters  after  each  exposure.  During  each  exposure  to  heat  they  walked 
for  two  work  periods,  separated  by  a  rest  period  of  one  hour.  All  eight 
men  had  their  initial  exposures  on  the  same  day.  They  were  then  divided 
into  pairs  for  re-exposure.  At  intervals  of  three  days  a  new  pair  was 
re-exposed  to  the  heat.  Once  a  nan  had  received  his  second  exposure  to 
the  heat  he  returned  to  the  hot  room  every  third  day  until  acclimatized. 

6.  Food  -  Regular  army  fare  obtained  frar,  their  regular  ness.  No 
record  was  naue  of  the  type  or  amount  of  food  eaten. 

7.  Water  -  Salt  was  added  to  the  drinking  water  (final  concentra¬ 
tion  0.12).  Tne  water  intake  was  measured  and  was  ackainistered  according 
to  one  of  three  methods: 

.  a.  As  nuch  as  desired,  whenever  wanted. 

b.  Intake  regulated  to  equal  the  total  weight  lost. 

£.  Restricted  to  4  litres,  approximately  one-half  of  the  needed 
intake,  and  given  in  either  of  two  schedules:  (1)  270  ml  every  hour  frem 
6:G0  A.!,  to  6:00  F.I.,  plus  750  ml  from  6-.C0  F.il.  to  6:00  A.l.  (2)  750 
ml  at  6:00  A. 1250  nl  with  noon  meal,  1250  ml  with  evening  meal  and  750 
ml  from  6:00  i  .  to  6:00  A.L. 

8.  Sleen  -  Sirht  to  nine  hours  e  night.  A  few  men  had  difficulty 
•leeping  on  the  first  night  of  an  experiment;  most  slept  well  throughout. 

9.  Observations  made  each  no miry  op  yryfcenl nr  -  rectal  temperature 
pulse  and  respiratory  rates,  weight  (4  1/k  pound),  and  measurement  of  the 
urine  voided  in  preceding  24  hours. 
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10.  Observations  made  during  the  work  periods: 

a.  General  appearance  -  noted  continuously  and  records  kept 
of  vigor, "flushing  of  the  face,  sweating,  headache,  and  complaints  of 
gastro-entaric  or  cardiovascular  disturb 

b.  Body  temperature  -  rectal  temperatures  were  taken  at  the 
beginning~and  end  of  each  work  period. 

c.  Heart  rate  -  at  the  beginning  and  end  of  each  work  period 
with  the  subject  in  both  the  supino  ana  erect  position  (3  minutes  in 
each)  and  at  15  minute  intervals  during  the  walking  period  (subject 
marking  time).  Ausculation  over  the  precordium  was  necessary  to  deter- 
mi ns  the  more  rapid  rates. 

d.  Blood  pressure  -  at  the  beginning  and  end  of  each  work 
period  with  the  subject  both  supine  and  erect  (3  minutes  in  each  po-  . 
ait ion) .  Change  of  posture  was  obtained  by  means*  of  a  tilt  table  and 
also  by  voluntary  movement  by  the  subject. 

e.  Weight  -  the  weight  within  5  grams  was  recorded  at  the 
beginning"and  end  of  the  two  morning  and  three  afternoon  work  periods. 
Subjects  were  naked  and  the  sweat  dried  off. 

f .  The  water  intake  and  urine  output  during  each  work  period 
end  during  each  22,-hour  period . 

11.  Special  observations  made  at  intervals  throughout  the  studies 
included: 

a.  Basal  metabolic  rate  (Sanborn) 

b.  Electrocardiogram 

£.  Vital  Capacity 

d.  Code  aptitude  tests 

e.  Attention  tests 


comparison  of  acclimatized  and  unacclimatiz;®  statss 


V.ork  in  hot  environments  ia  it  first,  difficult  or  inpossiblo  for 
most  men.  By  a  process  of  acclimatisation,  however,  man  adapts  himself 
to  work  in  the  neat.  lie  then  works  vdthout  subjective  complaints  and 
with  little  or  no  disturbance  of  bodily  functions.  Acclimatisation  to 
heat  appears  to  be  a  complex  physiologic  readjustment  which  cannot  be 
adequately  defined  or  completely  determined  by  a  few  simple  physiologic 
measurements.  Nevertheless,  this  adaptation  is  accompanied  by  certain 
physiologic  changes  which  serve  as  general  indices  ol  the  whole  process. 
In  this  report  some  of  these  physiologic  changes  aro  discussed  and  re¬ 
presented  by  a  series  of  charts. 

* 

All  charts  are  similarly  plotted  (see  Chart  l).  Along  the  ordinates 
heart  rate,  rectal  temperature  and  blood  pressure  are  charted  in  turn. 

The  total  height  of  the  column  indicating  blood  pressure  represents  the 
systolic  pressure;  the  white  portion  of  this  column  (limited  by  the 
transverse  line)  indicates  the  diastolic  pressure;  the  solid  or  hatched 
portion  of  the  column  gives  the  pulse  pressure.  Along  the  abscissae 
are  indicated  the  day  of  work,  the  environment  in  which  the  work  was 
performed  and  the  period  of  work  at  the  end  of  which  the  plotted  data 
were  obtained.  For  example,  in  Chart  1  the  first  pair  of  columns  re¬ 
presents  the  data  obtained  in  the  erect  and  supine  positions  at  the  end 
of  the  fifth  work  period  or.  the  6th  day  in  the  cool  environment;  the 
next  pair  of  columns,  the  data  at  the  end  of  the  second  work  period  on 
the  first  day  in  the  hot  environment.  Then,  in  turn,  the  data  at  the 
end  of  the  third  vvork  period  on  the  second  day  in  tne  heat;  at  the  end 
of  the  fourth  work  period  or  tno  third  day  in  the  heat  ana  so  on.  A 
key  with  eacn  chart  interprets  the  hatching  of  the  columns,  Tne  text 
associated  with  each  chart  indicates  whether  the  data  were  obtained  from 
single  observations  or  averages. 

• 

1.  '  rhyaioloric  chcn-33  (Charts  1,  2)- 

The  acclimatised  man  works  in  the  heat  with  &  lower  pul-e  rate, 
a  lower  body  temperature  and  a  more  stable  blood  pressure  after  change  in 
posture  than  wi.en  r.ot  acclimatized  (C^rt  1).  Compare,  for  example,  per¬ 
formance  on  the  fifth  ar.d  fi~st  days  in  the  heat.  In  the  unacclimatized 
state  (first  day  in  heat)  change  of  posture  causes  marked  alterations  in 
cardiovascular  dynamics,  as  indicated  by  pulse  rate  and  blood  pressure. 

In  the  erect  posture  the  heart  rate  is  markedly  accentuated,  the  systolic 
blood  pressure  falls  and  the  pulse  pressure  isarrews.-  Ih  Chart  1  compare 
tne  solid  black  (erect)  and  hatched  (supine)  columns.  As  a  result  of  the 
lowered  blood  pressure  the  cerebral  circulation  at  tines  becomes  inade¬ 
quate,  symptoms  of  cerebral  hypoxia  irise  and  oven  syncope  may  ensue. 
Lying  down  prompt  1*'  slows  the  heart  rate,  restores  the  blood  pressure 
and  dispels  the  symptoms  of  cerebral  ischeaia. 
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With  continued  exposure  to  heat,  acclimatization  progresses 
and  the  heart  rate,  rectal  temperature  and  blood  pressure  return  to 
levels  approximating  those  obtained  after  similar  work  in  cool  environ¬ 
ments.  This  is  true  with  the  subject  erect  or  supine  (Chart  l). 

Although  observations  were  made  with  the  subjects  both  erect  and 
supine,  in  this  report  acclimatization  was  evaluated  for  the  subjects 
chiefly  in  the  erect  posture  and  all  charts  (unless  otherwise  indicated) 
refer  to  such  measurements.  Three  facts  led  to  this  decision;  (a)  the 
findings  in  the  erect  posture  paralleled  those  in  the  supine,  (b)  the 
erect  posture  places  an  added  strain  on  the  physiologic  functions  of 
man,  revealing  disturbance's  not  apparent  in  the  supine  position,  (c) 
a  useful  man  is  a  working  man;  work  usually  requires  the  upright  pos- 
ture. 

Although  a  low  heart  rate,  a  low  rectal  temperature  and  a  stable  . 
blood  pressure  generally  accompany  acclimatization,  one  cannot  define 
the  process  nor  detect  differences  in  the  degree  of  acclimatization  be¬ 
tween  individuals  by  such  simple  measurements  alone.  This  is  illus¬ 
trated  by  the  data  for  four  subjects  plotted  in  Chart  2.  On  the  fourth 
day  of  exposure  to  heat  all  four  men  successfully  completed  five  work 
periods  at  which  tine  subject  Bel,  had  the  most  rapid  heart  rate  and 
the' highest  rectal  temperature.  This  might  be  taken  as  an  indication 
of  incomplete  acclimatization  and  evidence  that  Bel.  was  not  as  capable 
of  work  in  the  heat  as  the  other  three  men.  Ilis  general  appearance  and 
behavior,  however,  indicated  that  he  was  more  fit  than  Ham.  or  Gee., 
both  of  whom  had  lower  heart  rates  and  body  temperatures.  On  the 
following  (5th)  day,  the  men  worked  under  more  severe  conditions.  Sub¬ 
ject  Ham.  became  weak,  nauseated  and  vomited  after  the  second  work  per¬ 
iod  and  could  not  continue.  Subject  Gee.  was  forced  to  stop  at  the  end 
of  the  third  work  period  because  of  exhaustion.  Subject  Bel.  with  a 
heart  rate  and  rectal  temperature  which  were  always  higher  than  these  of 
Kan,  or  Gee.,  continued  energetically  for  another  work  period  and  on 
finishing  appeared  almost  as  fit  as  Lan.  Thus,  prediction  of  performance 
on  the  basis  of  heart  rate  and  rectal  temperature  alone  did  not  agree 
with  the  actual  performance  of  these  men. 

Undoubtedly  a  man,  doing  a  given  amount  of  work,  is  less  efficient 
and  more  prone  to  disability  when  his  rectal  temperature  and  pulse  rate 
are  high,  than  when  they  are  low.  Individual  performance  is  influenced 
by  many  variables  which  are  not  evaluated  by  such  simple  measurements. 

It  is  necessary  to  consider  and  evaluate  each  man  as  a  whole  and  to  avoid 
focussing  attention  on  the  rectal  temperature  or  heart  rate.  The  man's 
subjective  symptoms,  his  objective  appearance,  his  behavior  and  his  actual 
performance  must  receive  at  least  equally  careful  consideration  in  any 
evaluation  of  his  capacity  to  work  in  the  heat.  ,  ■  , 
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The  acclimatized  man  is  alert,  performs  his  work  energetically 
and  without  symptoms.  Usually  his  heart  rate  and  rectal  temperature 
are  low,  at  least  not  markedly  elevated.  On  the  other  hand  the  unaccli¬ 
matized  man  working  in  the  heat  becomes  dull  and  apathetic,  performs  his 
work  poorly,  has  a  rapid  heart  rate  and  a  high  rectal  temperature  and 
may  manifest  to  varying  degrees  and  either  singly  or  in  combinations, 
the  symptoms  and  signs  of  heat  exhaustion.  In  the  present  experiments 
these  symptoms  and  signs  appeared  in  the  following  order  of  frequency: 
Symptoms  (1)  fatigue  (2)  headache  (3)  dizziness,  especially  when  erect 
(4)  shortness  of  breath  (5)  loss  of  appetite  (6)  nausea  (7)  vomiting 
(8)  abdominal  cramps;  Signs  (l)  flushing  of  face  and  neck  (2)  rapid  pulse 
rate  (140  -  200/min)  (3)  lack  of  coordinated  effort  (clumsy,  stumbling) 
(4)  staring  glazed  eyes  (5)  mental  disturbances  (apathy,  poor  judgment, 
irritability)  (6)  fever  over  102°F  (7)  collapse. 

Of  interest  is  the  marked  flushing  of  the  face,  neck  and  upper 
chest  which  occurs  in  most  men  when  they  first  work  in  the  heat  and 
which  disappears  as  acclimatization  develops. 


C.  FACTORS  IN  ATTAINING  AMD  HA1KTAINIKG 

accluiatization  to  heat 


As  pointed  out  above,  when  different  individuals  are  compared,  ' 
the  heart  rate,'  rectal  temperature  and  blood  pressure  are  not  in  them¬ 
selves  completely  reliable  determinants  of  acclimatization  to  heat. 
Nevertheless,  they  may  be  utilized  as  indices  of  acclimatization  when 
they  are  consistent  with  the  other  above-discussed  evidences  of  accli~ 
matization.  It  was  with  these  limitations  in  mind  that  the  heart  rate, 
.rectal  temperature  and  blood  pressures  were  used  as  indices  in  this 
study.  The  factors  involved  in  attaining  and  maintaining  acclimatization 
to  heat  are  presented  in  a  series  of  charts  and  it  is  to  be  understood 
that  the  plotted  changes  in  rectal  temperature,  pulse  rate  and  blood  ■ 
pressure  were  consistent  with  the  picture  of  the  man  as  a' whole.  When 
they  ware  not,  specific  mention  of  the  differences  are  made.  ■ 


1.  Course  of  acclimatization  (Charts  1,  3)  - 

The  process  of  acclimatization  appears  to  be  initiated  by  the 
first  exposure  to  heat.  This  is  indicated  by  Chart  1,  in  which  are 
plotted  the  observations  made  on  one  man  at  the  close  of' the  last  work 
period  of  each  charted  day.  Considerable  improvement  in  heart  rate, 
rectal  temperature  and  blood  pressure  (in  the  erect  posture)  is  apparent 
on  the  second  day  in  the  heat,  that  is,  after  one  day  of  previous  ex¬ 
posure. 

At  the  close  of  the  last  (second)  work  period  on  the  first  day 
in  the  heat  this  man  was  very  tired,  giddy  and  ui.oble  to  stand  erect. 

On  the  second  day  he  finished  three  work  periods  feeling  much  better 
than  on  the  previous  day,  had  no  difficulty  in  standing  and  maintained 
a  normal  blood  pressure  in  the  erect  posture. 

In  most  men,  a  major  portion  of  the  acclimatization  to  heat  is 
attained  by  the  fourth  or  fifth  day  of  work  in  a  continuously  hot  environ¬ 
ment.  This  is  illustrated  in  Chart  3  which  shows  the  progressive  changes 
recorded  in  two  groups  of  men  exposed  to  heat  at  different  times.  Each 
column  represents  the  average  of  the  data  obtained  on  four  men  at  the 
end  of  the  last  work  period  of  toe  day  indicated. .  During  the  first  three 
to  four  days  there  is  a  progressive  and  rapid  improvement  in  heart  rate 
and  rectal  temperature,  which  thereafter  levels  off  at  values  somewhat 
higher  than  those  obtained  under  similar  circumstances  in  the  cool  environ¬ 
ment. 
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2.  Physical  condition  (Chart  U)  - 

Although  exceptions  are  not  unusual  in  individuals,  men  in 
good  physical  condition  generally  acclimatize  to  heat  more  rapidly 
than  men  in  poor  condition.  Moreover,  the  more  fit  nen  are  capable 
of  a  greater  work-output  in  the  heat  with  less  symptoms  and  less  dis¬ 
turbance  of  their  heart  rates,  rectal  temperatures  and  blood  pressures 
than  are  the  less  fit  men.  In  this  study  the  determination  of  physical 
fitness  was  based  on  the  work  performance  of  the  men  while  in  a  cool 
environment.  In  evaluating  physical  fitness  all  of  the  factors  pre- 
viously  discussed  (the  appearance  and  behavior  of  the  man  as  well  as  the 
results  of  physiologic  measurements)  were  taken  into  consideration.  / 
Those  men  were  considered  most  fit  who  performed  the  prescribed  work  . 
easily  and  energetically,  without  symptoms  and  with  least  disturbance 
of  their  heart  rate,  blood  pressure  and  rectal  temperature. 

.  '•  ‘  ‘  '  t 

The  three  men  whose  records  are  compared  were  from  a  group  of 
.  eight  men  whose  physical  fitness  was  assessed  before  they  entered  the 
hot  environment.  Three  different  observers  gave  independent  ratings.  • 
All  three  observers  placed  subject  Sch.  first.  Two  observers  placed 
subject  Kit.  seventh,  one  observer  sixth.  Two  observers  placed  subject 
Lup.  fifth,  one  observer  second.  Of  the  three  men,  Sch.  was  considered 
most  fit.  Kit.  least  fit,  and  lup.  intermediate  between  the  two. 

Observations  on  each  of  these  three  men  were  obtained  at  the 
end  of  the  last  work  period  of  each  of  six  day3  in  the  hot  environment 
and,  for  comparison,  the  same  measurements  taken  on  the  last  day  in  the 
cool  environment  are  also  shown  in  Chart  4-  Tne  more  rapid  improvement 
in  the  pulse  rate  and  rectal  temperature  of  subject  Sch.  is  readily 
apparent.  An  ea4ually  rapid  improvement  was  also  apparent  in  the  general 
appearance  and  behavior  of  this  subjecv.  By  the  second  day  he  was  walk¬ 
ing  easily  and  with  vigor.  Note  also  the  maintenance  of  blood  pressure 
when  erect.  In  contrast  to  Sch.,  the  pulse  rates,  rectal  temperatures  • 
and  blood  p  essures  of  subjects  Kit.  and  Lup.  returned  more  slowly  to¬ 
ward  control  levels.  This  was  confirmed  by  the  appearance  of  the  men, 
especially  Kit.,  who  always  seemed  to  be  working  with  difficulty.  Even 
after  acclimatization  had  been  attained  by  all  three  men  the  performance 
of  Sch.  was  superior  to.  that  of  the,  other  two  men  (see  9th  day  in  hot 
environment).  On  the  fifth  hot  day  subject  Kit,  was . prevented  from  walk¬ 
ing  by  blisters  on  the  feet. 


cJLJ 


8 


V  '  3»  Activity  prior  to  and  during  acclimatization  (Charts  5,  6)  - 

Continuing  the  preliminary  training  period  in  a  cool  environ¬ 
ment  beyond  that  required  to  develop  a  satisfactory  state  of  physical 
fitness  does  not  increase  the  subject's  tolerance  to  heat  on. first 
exposure.  Resting  in  the  heat  for  the  first  three  days  produces  a 
definite  tolerance  to  work  in  heat  but  the  acclimatization  thereby 
induced  ia  only  partial.  Acclimatization  is  developed  most  rapidly 
by  the  daily  performance  of  work  in  heat  from  the  outset,  the  amount 
of  work  being  progressively. increased  within  the  tolerance  of  the 
.individual. 

Tho  relative  effect  of  these  three  factors  upon  the  process  of 
acclimatization  was  determined,  using  twelve  subjects  divided  into  three 
equal  groups.  After  the  same  preliminary  training  for  all  men,  one  group 
(A)  continued  to  work  in  the  temperate  environment.  The  other  two  groups 
were  taken  into  the  hot  environment  and  of  these,  Croup  B  rested  while  the 
other  (C)  immediately  undertook  graded  work  which  was  progressively  ip- 
creased.  When  Croup  C  was  acclimatized  (4th  day)  all  three  groups  were 
subjected  to  the  regular  work  schedule  in  the  hot  environment. 

The  comparative  behavior  of  the  three  groups  is  striking.  The 
subjects  in  Group  C  (with  graded  work  in  heat  during  the  previous  3  days) 
had  returned  substantially  to  the  normal  physical  state  with  only  slight 
elevation  of  heart  rate  and  temperature  over  the  control  levels.-  In 
contrast,  the  subjects  in  Croup  A,  working  in  heat  for  the  first  time 
after  extended  preliminary  training,  gave  no  evidence  of  acclimatization, 
as. shown  by  the  high  heart  rate  and  body  temperature.  Only  two  of  the 
four  men  completed  the  prescribed  work  and  the  condition  of  these  two 
was  considerably  below  that  of  the  other  men  in  the  other  groups. 

The  performance  of  the  four  men  in  Croup  B  (resting  in  heat 
during  the  previous  3  days)  fell  between  the  other  two  groups.  All  four 
men  completed  the  five  work  periods  and,  although  the  heart  rate  and 
body  temperature  were  higher  as  compared  with  their  control  state,  and 
also  in  comparison  with  Croup  C,  the  performance  of  these  men  was  con¬ 
sistently  better  than  that  of  the  men  in  Croup  A.  Thus,  a  partial  state 
of  acclimatization  had  been  induced. 
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4.  •  Strenuous  work  from  first  exposure  to  heat  (Chart  7)  - 

Strenuous  work  on  first  exposure  to  heat  is  not  well  tolsrated. 
Twelvo  (12)  unacclimatized  men  were  asked  to  perform  the  full  five  work 
periods  (12.5  miles)  on  their  first  day  in  the  hot  environment.  Four 
men  became  exhausted  (after  the  third  or  fourth  period)  *  "d  were  unable 
to  complete  the  task.  The  eight  who  completed  the  work  did  so  with 
difficulty,  finishing  in  poor  shape  and  with  high  heai t  ratos  and 
rectal  temperatures.  The  ability  to  complete  strenuous,  work  in  the 
first  exposure  to  heat  does  not  necessarily  indicate  acclimatization 
nor  the  ability  to  continue  to  work  in  the  heat.  Maintaining  work  at 
a  strenuous  rate  leads  to  progressive  deterioration  of  performance. 
After  two  or  three  days  many  men  become  disabled  and  those  who  continue 
to  work  do  so  ineffectively  and  inefficiently.  This  is  in  contrast  to 
the  progressive  improvement  of  men  subjected  to  a  schedule  of  gradually 
increasing  work  in  heat.  The  performance  of  one  of  the  subjects  (Sub. 
Geo.)  illustrates  this  point. 

The  data  were  obtained  at  the  end  of  each  work  period  of  the  > 
last  day  in  the  cool  environment  and  of  each  day  in  the  heat.  During 
the  first  day  in  the  heat  that  nan  completed  five  work  periods  without 
much  difficulty.  On  the  ser^nd  day  in  the  heat,  however,  he  completed 
only  three  work  periods.  On  the  third  day  he  was  forced  to  stop  in  uhe 
middle  of  the  first  period.  It  is  of  interest  to  note  the  low  blood 
pressure  on  this  day  despite  the  more  nearly  normal  rectal  temperature 
and  heart  rate  as  compared  with  the  fifth  period  on  the  first  day  in 
the  heat  at  which  time  he  was  still  in  fair  shape.  After  dropping  out 
in  the  first  period  of  the  third  day,  this  man  rested  the  remainder  of 
that  day  and  drank  plenty  of  water.  On  the  next  (4th)  day  he  finished 
five  work  periods  in  good  condition  and  with  a  heart  rate  and  rectal 
temperaturo  approximating  those  recorded  after  similar  work  in  the  cool 
environment.  Despite  the  exhaustion  resulting  from  too  strenuous  work 
during  the  first  three  days  in  the  heat,  tiiis  man  had  attained  a  large 
degree .of  acclimatization  by  the  fourth  day. 
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on  (Charts  7,  8)  - 


Development  of  symptoms  of  Intolerance  to  heat  and  even  heat 
ir  exhaustion  during  the  early  days  of  exposure  to  heat  do  not  retard  the 
rate  nor  decrease  the  degree  of  acclimatization  finally  attained, 
provided  that  when  such  disability  occurs  work  is  discontinued,  rest 
is  permitted  and  water  and  salt  are  given.  When  work  is  resumed  it 
i  should  be  within  the  capacity  of  the  individual. 


Chart  7/ which  illustrates  this,  has  already  been  discussed. 

Chart  8  represents  a  similar,  but  more  severe,  situation  in  another 
subject.  The  data  obtained  at  the  end  of  each  work  period  of  each  day 
In  the  heat  are  plotted  and  compared  with  the  observations  on  the  last 
day  in  the  Cool  environment.  On  the  first  day  in  the  heat  this  man 
could  complete  but  four  work  periods  when  fatigue  forced  him  to  discon¬ 
tinue.  On  the  second  day  he  finished  only  two  work  periods;  on  the  third 
day  only  one.  Note  the  high  heart  rates  and  rectal  temperatures  reached 
on  these  days  and  the  progressively  decreasing  blood  pressure  (Chart  6). 

The  appearance  and  behavior  of  the  subject  indicated  a  parallel  deteri¬ 
oration.  On  the  third  day  this  subject  was  quite  ill;  exhaustion,  abdominal 
cramps,  nausea,  vomiting  and  marked  apathy  indicating  heat  exhaustion. 

After  a  litre  of  physiologic  salt  solution  was  administered  intravenously v 
the  nausea,  vomiting  and  abdominal  cramps  ceased.  He  rested  for  the  re¬ 
mainder  of  that  day  and  drank  salted  (0.l£)  water  copiously.  On  the  next 
(4th)  day  and  the  days  thereafter  he  completed  five  work  periods  without 
difficulty,  always  finishing  strongly  and  appearing  to  be  acclimatized. 

This  improvement  was  accompanied  by  a  reduction  of  the  heart  rate  to 
values  equalling  those  obtained  in  the  cool  environment  but  the  rectal 
temperature  continued  to  rise  to  high  levels  (102°F.). 


6.  Single  exposures  to  heat  at  Intervals  of  three  days  (Chart  9)  - 

The  following  conclusions  are  based  on  data  derived  from  eight 
subjects  who  performed  two  periods  of  work  during  a  four  hour  exposure  • 
to  heat  every  third  day  and  who  .spent  the  intervening  time  in  a  cool 
environment:  (1)  A  single  relatively  short  period  of  work  in  the  heat 
induces  a  little  or  no  acclimatization,  (2)  a  number  of  such  exposures  , 
separated  by  two  days  in  the  cool  environment  results  in  acclimatization, 

(3)  the  major  portion  of  the  acclimatization  for  the  above  work  re¬ 
quirements  is  produced  by  three  or  four  such  exposures  to  heat* 

Representative  observations  on  subject  Mel.,  taken  at  the  find 
of  each  work  period  during  the  four-hour  exposures  to  heat  are  shown  In 
Chart  9*  During  each  exposure  two  periods  of  work  were  perfonned, 
separated  by  one  hour  of  rest.  The  first  exposure  to  heat  was  badly  * 
tolerated  and  caused  weakness,  nausea,  vomiting  and  syncope  when  in 
the  erect  posture.  The  second  exposure  produced  similar  but  less  severe 
symptoms  and  vomiting  was  absent.  Thereafter  work  in  the  heat  was 
accomplished  without  difficulty  and  with  increasing  ease.  The  associa¬ 
ted  changes  induced  in  the  heart  rate,  rectal  temperature  and  blood  pressure 
and  their  regression  paralleled  the  findings  already  described  for  subjects 
continuously  exposed  to  the  hot  environment.  (Compare  Chart  9  with  Charts 
1  and  3)  In  this  subject  there  was  a  particularly  striking  postural 
hypotension  during  t> .  first  three  exposures  to  heat  with  a  return  of 
the  blood  pressure  to  normal  as  Acclimatization  developed. 
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7.  Short  periods  of  severe  exertion  (Chart  1C)  - 

•  ■  , 

The  behavior  of  subject*  performing  severe  work  of  short 
duration  in  the  heat  follows  a  pattern  of  charge  and  readjustment 
Similar  to  that  for  less  severe  work  of  long  duration  (marching ) . 

•the  severe  exertion  consisted  of  pedalling  a  stationary  bicycle  for 
ten  minutes  each  hour.  The  plotted  observations  are  for  one  sub- 
jeot  taken  at  the  end  of  the  first  Mride11  of  each  day. 

The  high  rectal  temperatures  and  pulse  rates  produced  by 
this  exertion  become  successively  less  marked  as  work  in  the  heat 
is  continued.  Levelling  off  is  attained  by  the  fourth  or  fifth  day. 

In  one  reepect  the  readjustment  differs  from  that  observed  for  the 
more  moderate  work  of  marching.  The  resting  level,  rather  than  the 
increase  cause  by  work,  determines  the  final  level  of  the  pulse  rate 
and  body  temperature,  dost  subjects  found  these  short  bouts  of  severe 
exertion  less  fatiguing  than  the  prolonged  but  moderate  work  of  march-1 
lng» 

« ■  « 

"  ■  V  '  "  •  ’ 
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■  6.  Rest  at  night  (Chart  11)  - 

Adequate  rest  at  night  is  essential  for  good  work  perform¬ 
ance  in  the  heat,  even  in  acclimatised  non.  Deprived  of  it,  men 
work  inefficiently  the  next  day. 

The  data  obtained  on  subject  l!el.  after  the  last  (second) 
work  period  of  each  day  are  given.  This  subject  belonged  to  that 
group  which  performed  two  periods  of  work  during  a  four  hour  exposure  * 
to  heat  every  third  day.  The  night  before  his  fifth  exposure  he 
failed  to  obtain  adequate  rest.  His  performance  during  the  next 
day  was  almost  as  poor  as  that  on  the  first  exposure  to  heat  and 
he  completed  the  work  with  difficulty.  Here  again  the  true  state  of 
the  subject  is  not  indicated  by  the  heart  rate  and  rectal  teoperature. 
During  the  fifth  exposure  they  are  higher  than  during  the  first  and 
second,  yet  the  subject  was  in  a  better  condition.  There  was  no  head¬ 
ache,  nausea,  vomiting  or  syncope  in  the  erect  posture,  occurrences  * 
which  had  rendered  him  totally  incapable  of  further  effort  on  the  first 
day  in  the  heat. 

W  •  • 

The  poor  performance  during  the  fifth  exposure  to  heat  did  not 
retard  further  improvement .  Note  the  much  improved  performance  during 
the  sixth  exposure. 


Z 
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9.  Duration  of  acclimatization  (Chart  12)  - 

Acelimati ration  to  daaart  heat  aftar  removal  from  the  hot 
environment  ie  well  retained  for  at  leaat  one  week  and  probably  for 
two  weeke.  Thereafter,  a  variable  but  more  rapid  loaa  ensues  so  that 
after  one  month  the  major  portion  of  the  acclimatization  is  lost  by 
most  men*.  Some  men,  however,  retained  a  considerable  degree  of  accli¬ 
matisation  for  two  months  after  leaving  the  hot  environment. 

The  plotted  data  were  obtained  on  seven  men  at  the  close  of 
the  last  work  period  on  their  first  re-exposure  to  heat  (solid  column). 
These  are  compared  with  the  observations  made  at  the  end  of  the  last 
work  period,  on  the  last  day  in  the  cool  environment  (diagonal-lined 
column),  with  the  first  day  in  the  hot  environment  (cross  hatched 
column),  and  when  fully  acclimatized  (open-block  column).  The  obser¬ 
vations  for  each  individual  .are  grouped  together  and  separated  by  long 
vertical  lines.  "Interval”  indicates  the  time  between  leaving  the  hot 
environment  and  first  re-exposure  to  it. 

The  sharp  lose  in  acclimatization  after  th.  e  weeks  was  in-, 
dicated  not  only  by  the  high  heart  rates  and  rectal  temperatures  (Sko., 
Poe.,  Ben.)  but  also  by  the  failure  to  complete  as  many  work  periods 
and  by  the  poor  appearance  of  the  subject.  The  vigorous  and  alert 
appearance  of  subjects  Lup.,  Kin.,  and  Lus.,  and  the  ease  with  which 
they  completed  their  prescribed  work  indicated  a  high  degree  of  accli¬ 
matization  despite  their  higher  heart  rates  and  rectal  temperatures. 
Subject  Sch.  worked  as  wall  in  the  heat  after  a  lapse  of  three  weeks 
as  when  fully  acclimatized. 


JL/*Z 
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10*  Maintenance  of  acclimatization  (Chart*  12 A,  13)  - 

There  are  two  requisites  for  the  maintenance  of  a  high 
dugrae  of  acclimatization  to  heat  over  a  long  period  of  time:  £. , 
the  maintenance  of  good  physical  fitness  and  b. ,  repeated  exposures 
to  heat,  preferably  with  work,  at  intervals  of  one  month  or  less* 

Of  the  three  subjects  considered  in  Chart  12A,  subject  S 
was  never  in  good  piiysical  condition,  subject  U  remained  nodorately 
fit  end  subject  W  only  fairly  so.  The  strikingly  poor  performance 
of  subject  S  when  he  walked  in  the  heat  after  a  lapse  of  37  days 
indicated  that  he  had  not  only  lost  all  of  his  acclimatization  but 
was  in  far  worse  condition  than  at  any  previous  time.  This  was 
attributed  to  loss  of  fitness  as  well  as  of  acclimatisation  in  the 
interval. 

The  more  fit  subject  (U)  had  a  much  better  work  performance 
than  the  less  fit  subject  (W)  when  re-exposed  to  heat  after  a  lapse  ’ 
of  16  days  and  3  days.  This  was  indicated  not  only  by  the  lower  heart 
rate  and  rectal  temperature  of  subject  U  but  also  by  the  fact  that  of 
the  three  men  re-exposed  to  heat  after  a  lapse  of  37  days  he  was  the 
only  one  able  to  complete  the  full  five  work  periods. 

The  need  for  re-exposure  to  heat  in  order  to  maintain  accli¬ 
matization  is  indicated  in  Chart  13.  Here  are  plotted  the  observations 
made  on  one  subject  at  the  close  of  each  work  period  on  the  last  (5th) 
day  in  the  cool  environment,  on  the  first  four  days  in  the  hot  environ¬ 
ment,  and  on  re- exposure  to  heat  >*4  and  again  47  days  after  leaving  the 
hot  environment.  Initial  acclimatization  to  heat  was  rapid  and  by  the 
third  day,  five  work  periods  were  performed  without  difficulty  and  with 
heart  rate,  rectal  temperature  and  blood  pressure  approximating  those 
for  the*  cool  environment.  On  the  first  re-exposure  to  heat  44  days 
after  leaving  the  hot  environment,  the  subject  was  unable  to  continue 
after  the  fourth  uork  period.  At  that  time  he  was  almost  exhausted, 
the  heart  rate  was  more  rapid  than  at  any  other  time  and  the  rectal 
temperature  waa  high.  Rut  this  exposure  re-induced  a  great  deal  of 
acclimatization.  IXiring  another  exposure  to  heat  three  days  later  he 
was  able  to  work  as  long  and  almost  as  efficiently  aa  he  had  dons  when 
wall  acclimatized  to  heat  47  days  previously. 
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♦  li«  Increased  water  intake  (Chart  14 )  - 

Thirst  is  an  inadequate  guide  to  the  fluid  required  for 
work  in  the  heat.  No  nan  drank  enough  water  voluntarily  to  replace 
that  lost  in  the  sv.eat  while  working  and  all  developed  water  deficits. 
Increasing  the  water  intake  during  work  to  an  amount  (1200  ml  per 
"hour)  equal  to  the  water  lost  by  sweating  increased  the  amount  of 
work  which  was  accomplished  on  the  first  exposure  to  heat. 

Twslve  men  ware  asked  to  work  the  full  five  periods  during 
their  first  day  in  the  \iot  room.  Nine  men  received  water  in  amounts 
sufficient  to  quench  their  thirst ( 600  ml  per  hour),  3  received  water 
in  amounts  (1200  ml  per  hour)  equal  to  the  weight  (sweat)  lost.  These 
three  men  all  finished  the  five  work  periods  vdthout  great  difficulty. 
In  contrast,  four  of  the  other  nine  men  became  exhausted  after  three 
or  four  work  periods  and  could  not  continue.  Those  who  did  finish 
were  in  poorer  condition  than  the  mar.  whose  water  intake  was  intention¬ 
ally  increased. 

In  chart  14  one  may  compare  the  effects  of  slight  water 
restriction  (6  litres  per  day),  and  of  full  water  replacement  (9. 
litres  per  day),  on  two  groups  of  three  men  each,  in  their  first  and 
fourth  days  in  the  hot  environment.  liach  column  represents  the  averaged 
data  for  the  group.  Observations  wi  :o  made  at  the  close  of  each  of  the 
five  work  periods  for  the  last  day  in  the  cool  environment  and  the  first 
day  in  the  hot  environment.  Observations  are  also  recorded  for  the 
fourth  day  of  heat  exposure  when  both  groups  were  permitted  to  drink 
as  much  water  as  they  chose.  Hen  who  did  not  complete  five  full  periods 
have  been  excluded. 


Although  the  group  in  whicn  water  was  forced  to  full  replace-  - 
ment  showed  smaller  disturbances  of  vigor,  behavior,  pulse  rate  and 
rectal  temperature  during  their  first  day  in  the  heat,  the  degree  of 
acclimatization  attained  by  both  groups  on  the  fourth  day  was  the  same. 
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12.  Water  restriction  (Chart  15)  - 

Sudden  restriction  of  the  water  intake  of  well-acclimatized  ' 
men  at  work  to  one-half  of  the  optimal  requirement  induces  changes 
similar  to  those  which  appeared  in  the  men  on  first  exposure  to  heat 
when  they  were  unacclimatized.  .  '  ' 

In  Chart  15  are  plotted  observations  made  on  each  of  four 
well-acclimatized  men.  Their  performance  at  the  close  of  each  work 
period  on  the  day  (9th)  when  water  was  restricted  to  4  litres  per  day 
is  compared  vdth  that  following  the  fifth  work  period  on  a  day  (4th) 
when  they  receive’  as  much  water  as  they  desired.  Subject  Nor.  was. 
incapable  of  conti  uing  after  the  third  period  and  the  other  men 
finished  five  periods  with  difficulty.  Note  the  higher  pulse  rates 
and  rectal  temperatures  and  the  low  blood  pressures. 

Important  changes  which  the  chart  does  not  show  is  the  con-  , 
dition  of  the  men,  their  low  morale  and  lack  of  vigor,  their  glassy 
eyes,  their  apathetic,  torpid  appearance,  their  "don't-give-a-damn- 
for-anything"  attitude,  their  uncoordinated  stumbling,  shuffling  gait. 
Some  were  incapable  of  sustained  purposeful  action  and  were  not  fit 
for  work,  let  alone  battle.  All  they  wanted  to  do  was  rest  and  drink. 

Progressive  restriction  of  water  was  tolerated  better  than 
sudden  restriction.  For  sudden  restriction  the  intake  was  reduced  on 
1  day  to  4  litres.  Progressive  restriction  was  carried  out  by  limiting 
the  intake  from  the  optimum  level  of  8  L/ day  to  6  L  for  the  first  day,  5 
L  for  the  second  and  third  day  and  to  4  L  for  the  fourth  day.  The 
gradual  restriction  of  water  intake  resulted  in  physiologic  disturbances 
similar  but  less  severe  than  those  observed  from  sudden  water  restric¬ 
tion.  Men  were  incapable  of  performing  ae  much  work  as  when  water  intake 
was  adequate. 


-  18  - 


) 


13 •  Crosa  acclimatization  to  lunple  heat  (Chart  16)  - 

Acclimatization  to  dry  (desert)  heat  increases  markedly  the 
ability  of  men  to  work  efficiently  and  effectively  in  hot  moist  (jungle) 

.  environment.  ' 

►  ’’*• 

Three  men  were  fully  acclimatized  to  desert  heat  and  six  men 
were  trained  to  work  in  a  cool  environment.  All  nine  men  then  worked 
in  a  simulated  jungle  environment;  dry  bulb  9C°F  to  91°F,  wet  bulb  88°F 
to  89°F,  relative  humidity  90&  to  The  averages  of  the  data  obtained 

on  each  group  of  man  at  the  close  of  the  last  work  period  in  the  cool 
environment, and  at  the  end  of  each  work  period  of  the  first  day  ir\  the 
hot  moist  (jungle)  environment  are  compared.  The  performance  in  desert 
heat,  (as  expressed  by  average  data  for  the  desert  group)  is  plotted  between 
the  heavy  vertical  lines.  The  first  column  represents  observations  made 
at  the  close  of  the  fifth  work  period  of  the  first  day  in  the  heat,  the 
second  column,  the  data  from  the  fifth  work  period  of  the  third  day,  when 
acclimatized. 

On  the  first  day  in  hot  moist  (jungle)  heat  five  work  periods 
were  completed,  by  each  of  the  desert-acclimatized  men;  two  men  finishing 
strongly  and  easily  and  the  third  with  some  difficulty.  Of  the  six  men 
not  previously  exposed  to  a  hot  environment,  four  were  able  to  complete 
only  two  periods  of  work,  the  first  and  third,  while  the  other  two  com¬ 
pleted  three,  the  first,  third,  and  fourth.  Not  only  were  the  desert- 
acclimatized  men  capable  of  a  greater  work  output  but  the  work  was  per¬ 
formed  more  efficiently  than  was  the  smaller  amount  of  work  done  by  the 
other  men. 

The  performar.ee  of  the  desert-acclimatized  men,  however,  was 
poorer  than  it  had  been  in  the  cool  and  desort  environments. 
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14*  Results  of  special  tests  - 

a.  Basal  metabolic  rates  did  not  change  significantly 
during  the  process  of  acclimatization. 

_  v 

b.  Electrocardiographic  changes  associated  with  work  and 
change  in  position  were  the  same  with  the  subjects  in  the  heat  as 
they  were  when  the  subjects  were  in  normal  temperatures. 

c.  Vital  capacity  was  not  affected  by  acclimatization.  . 

d.  Code  aptitude  tests  and  attention  tests  showed  a  decrease 
in  scores  on  the  first  day  in  the  heat,  and  a  gradual  return  to  the  con 
trol  levels  during  the  next  three  days.  The  initial  decreases  amounted 
to  about  15^.  All  men  were  affected  by  an  obvious  depression  in  the  ; 
heat  for  the  first  day  and  some  instances  for  three  days. 
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tJalSS  CPAEJKmRT  «?  HEAT  EEGUUTIOIt 
Dunrxi  sai^tra  to  man  rair,  hatjies, 

i}r  rtofceccr  Dp*  llinrich  Xluce. 
amlsti »nfc  physician  of  the  physiological  lastitutiro. 

©f  the  physicians  military  ante  cry  in  tha  German  &my. 
<Rcceits>dJaau:<py 

Traualr.trd  from  the  Csrmcu  by  Alfred  A  freemen,  ftrir&t©  83  Army) 


•  srwiATT  of  this  nejxrt. . 


23  persons  wsw  exposed  in  20  «?vorln»nte  at  alic&  physical  end 
r"";:  r  "  aeotal  werfc  to  temperatures  cf  5o°  ord  55  u, 

7?w  t'2nodppe£suro  oyr«tolia  &  drop  up  to  15  miaitsc  whilst 

'  diastolic  it  remained  constant  or  even  rso  a  little  bit.  Do  the  further 
'  course  tha  qyetollo  bloodprcssure  rose  on  firurea  of  1AQ-160  ea  fle,  in 
order  to  fall  only  shortly  before  the  collapse* 

The  diastolic  pressure  dropped  canstertly,  faou  di^inuation 
of  tho  bloodpri}&suxcclaqA.itudo  h is  to  bo  Considered  sc  a  ai^a 
of  a  near  colls  poo. 

The  pulse  in  all  caaca  rose  straight  up  ,in  cono  cases  at  tho 
'  os^periaoBt  quick*?  to  ltO  pulsations  pro  minute. 

Tha  bo^y  temperature  at  first  s  tor  tod  after  1$  ainuica  slowly,  after 
tho  A5th  uinuto  factor  and  only  in  two  casco  poached  heights  over  37.50  C 
in  90  min  cites* 

•  /  Tho  bloodthichontas  increase  of  washing  ascy  <.f  Erythrocytoa  could 

also  bo  Cbscrvod* 

Psyciiotochnical  toots  and  experiments  of  tie  rc.-cticn  rosultod 
’  ,s  »  restriction  of  cental  qu^Litioo  ovoa  before  tho  coiispoo. 

Tho  rccawuvy  took  place  vary  fa at.  Tin  bloooprcscruw  *oucjkw  normal 
after  20  uin.toa  whiDt  pulse  end  torpors turo  required  a  Itr^r  time. 

Tha  riso  of  the  t<r.;craturo  worked  out  surprisingly  strung.  Cn  tho 
ether  aido  by  tbs  blowing  upon  the  face  with  22-27  worm  air,  at  tho  arms 
.  rocobmporu  tore ,  an  enormous  iaprarvrisint  of  tho  condition  wie  resulted* 

Instead  cu  collapsing  after  5©/70  minutes,  aapBirimnit1  pnr^rip. i t . 
fait  good  after  £3/120  nlnutcs  although  only  tho  heed  was  hit. 

Also  tha  alight  consumption  of  alcohol  restricted  tha 
capacity  of  tho  hoot  regulation 

Each  wrerstrain  of  tho  heat-regulators  required  sour  days  of  rest* 


ijurre  or  ASjtgggKT  op  isat  nremATicw 


Lvo^vfs  10  tu  :u  r  *y-it*.viK:  a 


g?  fR0Fr;^m  pn.  nrn.xcn  rmt 

assistant  physician  in  tho  physiological  Institution 
out  tte  ihysiciow  military  ac&dcay  la  tte  Geraan  arsqr. 

(received  January  25,1940) 

(Translated  from  the  Ceram*  by  Alfred  A^Solomon,  Private,©  Angr  ) 
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Tochnie  and  Industry, also  in  cur  moderate  climates, farce  a  son  often  to  work 
under  entirely  changed  conditions, which  correspond  to  tropical  climates. 

Tho  occurring  of  heatstrokes  as  sell  as  *  decrease  of  porferaing  woric 
requires  a  very  correct  scientific  lnvasti^tim  of  all  the  causes. 

Dr.  Basett  In  his  booi:aITspor*3o  to  heat  *  in  1927  very  carroctly  included 
ell  experiments  concerning  tho  influence  in  the  chango  of  t  crape  raturao. 

According  to  this  book,  especially  Lehman  &  Ssakall  broke  into  this  very 
interesting  scientific  territory,  by  separating  in  additiaa  to  the  usual  obsexw 
rations  of  blood  c  irculnti  ons,  therapeutic  illy  important  questions  like  change 
of  liquidity  and  assignation  of  chlorine  by  digestion. 

Already  before  this  tire  Professor  Eerxteimer  examined  tho  coemption 
of  O2  usd  tho  decrease  of  performing  eerie.  Results  in  the  different .  placos  of 
experiments  thosed  tho  well  known  results  of  Frafoescr  van  Hasses  researches 
coacsrning  climate  and  production  of  work  in  sines  and  tho  experiments  of  rrofocs; 
Dr.  von  QglKrconccrning  accliaitisatica  of  heat  at  ahipteaUrs,tfhilst  Dr.  Adolph 
investigated  the  exchange  of  boat  in  the  desert  sdth  his  am  objects  of  scientific 
experiments.  o 

The  rooateaporaturcs  at  the  different  authors  fluctuate  between  30  end  45  • 
It  eo  happened,  that  sxatiaes  even  within  ora  lino  of  experiments,  that  hav 
not  been  constant.  Tte  conditions  of  experiments  In  other  respects  also  changed, 
like  moisture  in  the  air,  circulation  of  the  air,the  performing  of  vark,dothing 
eta  or  they  did  not  find  aay  caasidcraticn  at  all. 

It  was  hard  consequently  to  draw  any  clear  conclusions  out  of  these 
observations  as  it  was  hard  to  compare  thorn  with  cac  hotter. 

Since  193d  also  in  other  territories  of  the  investigation  of  collapses, 
through  the  books  of  I'r.  von  Rinks  e&d  Dr.  Dsssorcr  , there  were  general  curves 
for  the  controlling  of  tte  puloofrequsncy  and  tho  bloodpressure  by  tho  rising  and 
falling  in  the  Coc^prcsoionchambcr  just  as  this  was  fixed  by  Dr.  Buff  in  1933 
far  the  of  foot  of  centrifugal  forces. 

Similar  estimated  observations  should  be  gained  now  also  far  the  effect 
of  hoat,hare  naturally  in  order  to  reach  tte  problem  of  the  collapse  very 
closely  by  the  control  of  tte  first  stags  of  the  disooso. 

It  was  necessary  therefore  to  mate  series  of  experiments  which 

1*  under  always  similar  conditions  at  experiments  exposed  a  creator  number 
of  persons  to  *  constant  temperature  by  excluding  all  Influences 
frea  the  outside. 

2.  included  the  important  tesperatures  over  50  cod 
3«  discovered  the  devslopaeat  c?  changes  by  regular  measurements. 

Methods  . 

these  experiments  were  tried  out  on  13,2nd  Lieu  tenants  s&d  Cornets  Juniors 
(In  tte  sanitary  corps)  in  Key  and  June  1933. 


They  took  mil  trained  and  specially  strong  son  in  ths  05#  of  19/24 
years  who  with  the  greatest  urderstnading  and  porslotancs  pat  thaasclvos, 
awrtly  voluntarily  under  these  cxperiBeaia# 

Vlth  tho  exertion  oT  theso  regjlar  Ibgcaiaect  porcoos  ,  6  soldi*r» 
vers  not  Accustoaod  to  tbs  haat,  os  Clta&tochaefcor  a  saall  tinbox  with  a 
rooaoontonta  oX  about  2  cka  xza  tzk-n. 

Espcrincrta  ctro  triad  cut  in  a  sitting  position* 

Electrical  hooting  eqjaJjasnts  took  car©  of  tho  rioo  in  the  teeporaturo#  The- 
list  cf  the  heat  could  not  hit  tho  espsriBocts  soi&iars,  on  tho  hooting 
sqalpacnt  woe  directed  towards  tho  cuter  tell# 

Tbs  coper laosto  ware  neatly  oada  in  noontico  after  Ltr.oh* 

The  roooteeparatures  son  noasurod  with  a  ^tdckollvorthorcgrotsr  in  the 
height  of  a  head*  At  the  bet  tea  the  temperature  tns  about  X  lower  • 

Tho  body  teeporatev  was  censured  rublingudLly*  ns  ary  change  of  tho  body  tea* 
peratoro  could  bo  desmetratod  at  onco  duo  to  tho  cculX  capacity  and  good 
Bloodoircttlatlcn  of  ths  cavity  of  tho  couth# 

The  tecparaturca  indeed  aro  a  little  bit  lower  than  In  ths  Aorta  end  in  tho 
Boet*a»bu&  m  account  of  practical  eonsid'ratiaao  no  ether  nsasurccaxto  were 

ACCvptcd. 

..  Ary  inflxwnco  by  respiration  etc#  •1  avoided  os  far  an  poaalbln.Tho 
aoosurojrxtA  took  place  every  10  cr  25  clnutoa.  Tho  ccaiilng  of  tlis  Pal  so 
was  effected  by  the  <npcriccnt  soldiers  thcmc&vc  3, ho; cv cr  often  it  vac 
also  controlled  by  teas  r^yalcicns#  Ths  u^asurasost  0?  the  blcodprscsara 
caused  difficult ian  car.  ’  ‘  os,  as  tho  c^crk»ai  soldiers  bad  to  put  ca  a  CO 
colled  hoaxinsfunnsl,  (a  kind  of  epiCgb)  end  a  plpoatotoacopo# 

It  naa  very  hard  to  find  tbs  diastolic  biesdpreosuro#  At  usperisset 
soldiers  Eo.9  and  23,bload  cut  of  tho  flaps  of  tha  car3  had  to  to  taken  boforo 
tho  end  of  the  cpcriaant,at  tbs  end  cf  tin  csporlnant  onl  also  15  and  30 
ideates  after  tho  end  of  the  eoacriLnsnt  end  tho  number  of  the  Irythrocytco 
according  to  2ciss  Them  were  also  counted#  Tide  could  ho  decs  boa  ever  only 
cn  account  of  temporal  reasons  in  a  kind  cf  ftrercooarchcs  and  ths  results 
have  to  bo  cotiaatod  accordingly# 

la  order  to  find  a  deadening  of  tho  physical  perfonaanco  cf  work, 
tho  oaporlaont  beys  had  to  cancel  tho  letters  D,X,  ard  B  out  cf  a  teat  given 
to 

Tho  number  of  lines,  freruorey  of  tho  letters  end  percentage  of 
aistckcff  was  measured#  Besides  t^o  tines  cf  roactiocs  were  considered  end 
Barked  dona#  Tholr  urcsareacnts  ware  taken  In  cash  a  cair.cr,that  tho  experiasat 
soldiers  hoard  a  bacssound  In  the  hcsdtuaasl(pipo  )  cf  cca-tant  length  and 
Strength,  in  different  intorvalo# 

Through  sons  kind  cf  a  corse!  ry  cffaipccnt  tho  tone  and  ths  optical 
registration  had  to  be  interrupted  (According  to  a  procxdurs  not  jet  puhliahad 
by  Professor  Dr#  banks  ) 

Ths  osporlront  soldier  had  to  react  evos7 15  cieatca^n  75  seconds 
2$  tine*  on  ths  bcssscuad# 

This  transection  cat  adopted  bofhro,durlng  cad  after  tho  burden  of 

hoot# 

Those  three  divisions  sera  soda  Abating  And  did  not  cacao  cay 
difficulties,  es  ths  clothing  of  ths  research  parsons  always  copaictsd  of 
tfadervosr  uA  seeks# 
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7h»  boys  were  stripped  and  they  were  weighed  before  an 1  after  tbeae  expe¬ 
riments* 


I  a^  la  a  first  line  of  experiments  without  any  work  the  room  wee  heated 
at  5o.  The  start  ins  and  the  examination  of  the  reactions  end  mo&sureaonts 
always  took  about  15  to  20  minutes  ,no  that  the  experiment  boy*  during 
this  time  really  could  aedimatisise  and  gat  aeouetooed  to  the  conditions* 

CfcSp  after  this  the  entrances  to  the  chamber  were  closed,  the  heating 
equipment  opened  and  then  the  eoperLmeats  started* 

Tho  temporal  conditione  are  to  find  in  tho  tabic  a  and  lndexee* 

The  different  toete  were  not  felt  os  a  burden*  At  the  beginning  the 
pulse  reacted  with  an  immediate  rise  at  all  experiment  soldiers,  at  first  slowly, 
but  after  20  minutes  contlnuoulay  factor* 

After  70  minutes  there  ware  30  more  pulsations  each  mimte  than  at  the 
beginning.  The  exuct  values  are  to  be  found  in  table  No*  1* 

Tho  temperature  at  the  beginning  remained  constant  and  went  up 
slowly  (0,5°  )  each  hour  )  after  45  minutes  however  faster ,2°  pro  hour* 

Zn  two  cases  (Experiment  soldier  NO  60and  16  }  at  £ho  beginning  .even 
e  fall  of  temperature  woe  found  37,1°  C  *36,9  C,  37,2  *37  C*  Tho  absorption 
of  the  heat  at  these  soldiers  evidently  by  the  acceleration  of  the  pulse  end 
the  vasodiladaticn  was  so  much  risen, that  not  only  the  rising  of  the  body 
temperatures  was  jr«rented,bufc  even  a  dropping  was  observed,!*  It  is  known 
in  experiments  with  animals(See  Pro  feasor  Cozctt  from  Cbernlor  Bavaria  ) 

It  is  rmariedble,that  experiment  soldier  No.  6  and  No  16  alrwdy 
before  ahowod  a  hJKh  temperature  and  at  soldier  No*  6*  it  was  remarkable, since 
be  was  bom  in  a  tropical  countiy  end  was  always  sensible  against  heat* 

This  can  be  found  also  in  the  Tfhl*  IIo.  1* 

The  blood  pressure  is  exposod  to  individually  different  fluctuation*.  , 

At  all  those  experiment » the  amplitude  became  smaller  at  the  beginning,  in 
order  to  became  greater  after  40  minutes  mainly  through  tho  rising  of  the 
systolic  pressure,. 

Tbs  systolic  pressure  dropped  during  the  first  5  alnutee,renalntd  low 
for  a  while  and  started  to  rise  very  often  Area  30  minutes  and  up  vary 
considerably  (145  mm  Hg) 

Only  two  experiment  soldiers  (No*  4  and  6  )  who  could  stand  the  heat 
very  weU,showod  smaller  fluctuations  without  any  rising  ever  the  starting 
point* 

Tho  single  curves  are  much  more  organised,  as  at  the  addition  of  the 
curves  all  individual  sharpness  dropped*  Tho  loss  of  weight  showed  an  average 
of  1300  Grunsu  0 

Subjecttively  the  rise  of  tho  roaatemparcture  from  22  to  35  was  felt  as 
very  disagreeable  (at  a  higher  temperature  the  hoat  was  not  ver;  **r>\  to  feel  ) 
as  tbs  body  gradually  gat  accustomed  to  the  high  temperature* 

After  tho  45/60  ainuto  the  strength  of  defease  gradually  dropped. 

A  Terrible  unrest,  headaches  and  a  atrmg  boating  of  the  heart  did  not  make 
a  longer  burden  advisable. 


lb*-  In  a  second  line  of  experiments  (experiment  boys  9/12  )  at  an  equal 
temperature  of  50°  a  work  was  to  perform  of  about  5000  m  kg  every  hour, with 
an  autcmlle  breaks  lever, which  hod  to  be  pulled  with  the  right  asm  as  far  as 
20  cm  before  the  breast* 

The  execution  cf  this  work  corresponded  approximately  to  a  normal 
driver*  work*  The  different  Individual  values  are  to  be  found  in  table  Vo*  1* 


I 


®»  restilt  M  oo  riM  of  the  valnss  Tor  Uat? oqjwacy  of  the  poise*  Blood 
pressure  sad  body  tenporature. 

nost  of  tho  so  son  vex*  trained  by  allitrjy  training  and  also 
sport*  tbs  results  An  asm  eases  vers  «ur.  lewer.  The  oystslia  bloodrcssuro 
ms  such  bettor  ecsatroUsd  novr  during  the  first  clautcs  by  core  froquert 
seasureaents  tad  (ho. rod  fsactly  the  sue  aborting  of  ths  dropping  ,  although  by 
ibis  work  to  ianodiate  resins  of  tho  systolic  blcodprcscure  had  to  be  crpcctod. 

(See  flrofccoci’  Er.  iliH.  )  Cn  the  ctkyr  head,  Ur.  Kakujoff  at  his  work 
daring  tbt  first  aicuto*found  &  falling  and  during  tho  third  aiiaxto  already 
A  rising  of  the  eyciolis  prcsaira  at  a  slight  diastolic  fJLl* 

Ths  Initial  drop  of  the  systolic  blocdp-esssre  are  sbona  in  ftefoasor 
Or*  ren  Betwcrcra  Curves  at  the  rise  on  greater  boigkte  la  the 
tfadcrireseurochxabcr  end  alto  la  fr.  voa  ruffs  ecylcnntloas  at  the  cffoct  of 
tisotllftisal  farces  of  tho  see, 

*t  Is  turd  to  decide  ,  Low  far  t  nerroasnoos  cad  <n  oxoltscnt  before 
sash  ta  ea&eriflent  eon  esmao  a  hi  ji  blood  pressure. 

In  sxy  e&oe  tho  cue  picture  could  be  eeon  At  old  trained  caporlamt 
persons  thouwugbly  acquainted  with  this  work. 

XL 


la  a  third  line  cf  a^crisunta,  7  exporlrsnt  soldiers  vat  cuclsod 
«t  55  Hoautcapcraturo  end  light  vork.  At  this  csporlacat  the  rise  cf  te-'poiatura  ! 
ropresmte  only  an  Increase  of  5  noaoly  fhoa  50  to  55*  cppcrentlgr  en  lapcrtact  I 
difficulty  in  the  conditions  of  those  cr-rri'rnto.  Tbo  blccdprcssurc  roso  r.t  ! 

ell  the  tc^orteat  poroens  (After  a  slight  fhll  at  the  to-tcaing  )  ftco  5-20  ea  ) 

sad  up  end  reached  UO  aa  after  60  ftinutas.  i 

Thl»  astonishing  rlso  has  to  bo  considered  as  c  pars  effect  cf  tho  teat, 
ss  ths  rice  took  piico  tho  very  latest  after  Ua  =iu:tos  work,  (ice  Lcterxa  IH)  ! 

The  diastolic  bloodjrcosuro  usually  dropped  after  25/10  nonutes  and  rcJJy  | 
should  even  to  lctcr  In  t!;o  eurvoe*  as  tho  boundary  had  to  ta  cstisaiod  too  high  > 
aocatlma  an  account  ef^icchnlcal  difficulties*  i 

Zn  exception  soao  valcos  of  20-30  sa  Ig.  were  not  carted  dom,  as  they  j 
sppesrol  to  be  too  lov  and  net  oiito  pcodbls.  o 

The  rice  of  tifi  ^Jfcsclfccguency  3 hr  over  C-9  pulsations  pro  1  bodyterper*- 
ture  shoos*  that  It  wee  net  eel?  the  la&usaco  of  the  heart  by  tho  rlso  of  iody 
teaperaturea  but  really  a  box*  pcrforsanca  of  work  of  the  blood  circuit tlcn 
due  to  transfer  of  best* 

Eovcrthalesa*  ths  pulscfroqucnsy  rose  at  the  too  cfc served  body  ten.psrattsree 
It  has  to  bo  tsten  for  prated  *  that  the  pulse  does  not  get  his  acceleration 
la  such  cases  by  the  body  teaperatco* 

At  ehipe  and  other  heaters  Jkofeesar  tr,  Cglo.t  chose  after  3  cr  i 
years  service  at  «  hours  work  under  «  tenperatnre  of  A5/5o°  a  rlso  cf  t/njvratur©  ? 
of  only  0*1-C,3  *  Instead  of  2*4  to  2*0  body  t-npc  return .  At  our  exporinert  j 
persons  *tbo  body  teaperatur*  usually  cxj  up  to  -cti-»s  even  to  39*6  0  C  i 

so  that  ccpozinadJ  ted  to  be  Interrupted  even  at  a  relatively  goad  physical  i 

condition,  as  heat  strobes  were  observed  very  often  At  39  C  (2eo  Ikofaascsr  iirccl. 
fliJ4a  J 

The  body  teeperature  is  only  typical  f  x  untrained  on  aud 
•hoes* that  the  organic*  ms  not  Able  to  Jeep  up  Its  natural  conditions. 

At  tho  resting  ran,  also  the  body  tesperatur*  was  rising, if  the 
abcobtlon  of  tho  outbreak inx  beat  *  arisen  Ikon  the  Dorsal  living  conditions 
is  prevented  (dee  Qbamiar  ) 
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Thlo  fteaatico  uf  boat  in  tho  body  1*  rleea  by  activity  of  tho  Wood— 

and  quicker  chcnloal  transplcatctioi  and  &  pressing  Of  tbs  boat  JQroa  tbt  oUbaidc 

Into  tbo  blood  b&a  also  to  bo  acncldcrcd. (listen.  sheninctan  ) 

At  taperaturce  higher  then  26,6,incrrrcca  f emotion  of  boat,  otoelng  ef 
host,  tbxrbtlaa  of  tbo  hsat  fron  tla  outage  hio  to  bo  added* 

Although  all  retime  (Clin  Yasealcro  )  wr*  streedy  oxUadod  A  tbo 
pulco  no  at  fas  tor  am  stronger  and  tho  body  la  every  com  stroactlieaod  tbo 
abccrbtiaa  of  hoot  by  locroooed  evaporation,  he  did  rot  eucccad  la  rotalnlag  tbo 
hodytopcaturo  • 

Cu  tho  other  herd  and  ia  certain  circs  the  subjective  condition  of  tbo 
ooqpariaoat  boys  compelled  tbo  entire  bro.-Jojp  of  tbe  ejqparlaant.  fasetlaos  tho 
roapirstioa  become  breathing  end  the  secret  Ion  of  the  perspiration  dropped* 

A  bod  fodlni*  tho  footing  of  4  dissTcneblo  pro  a  sure  oa  tbo  bead 
(They  criod  M1  loose  sy  bead  •  )  and  otooaotroublo  were  obi^cvod  la  a  croater 
doer*), 

fhothor  this  fooling  corresponds  to  a  ml  inert*  aao  of  pros  sore  la  tbo 
hood  vas  lVofcooor  fchuorasa  requires  it  for  tho  acute  train  ayotca  at  hc«rtatroteo. 
Is  very  h-*rd  to  d-r*?**^  hers# 

Id  cay  case  at  a  look  of  those  es-ertro rt  soldiers, 
tho  faco  «a  olirhtly  laflasaatcd  sad  slightly  cyreotio.  Tho  Conjunctiva  end 
Sklcra  very  often  core  strongly  injected,  th>  tor, por.il la  mo  very  clear  to  oeo* 

Tbe  loss  of  vcipit  ia  the  evera/7*  was  enonr.tin^  to  16C0  C  la  73  ainuteo. 

Tbo  ui'cr incut  caldiwre  ubo  «ee  gonarally  1a  nopdod.  condition  area  did  act  loose 
aero  might  la  25  minute*. 

An  Increased  outbreak  of  perspiration  alsya  eterted  at  the  peycbotochaleal 
teste*  A  Xcclios  of  tiwnt  sots  sot  to  ohssxvs*  A  l^idicg  up  ***  th  outer  at  ouch 
high  tear<-rr.tur«s  would  have  lad  tbo  offset  of  a  high  burdua  cf  the  blood  circa- 
lat ic*w  (tohaca  &  fcaicall  )« 

After  W  to  60  tuirutao  tbo  oocrctioa  dropped  a  Xittlo  bit* 

Thia  slew  porapirias  ia  advisable,  as’ cadi  foiling  drop  earar 
bo  ooanwod  ihr  tho  cooling,  a  oofiaito  cduusttaa  cf  tho  ferupiratim  cLugia  wo, 
ne^r  to  fear,  oa  alao  aot  trained  persons  c«n  loose  op  to  2500  Cram  agaat.trala^ 
oca  latorrlly  nxh  aotre*  1 


At  tho  cr.d  of  the  esporlmnta  at  Imrt  la  nout  cf  tho  cocoa*  tl b  iMt  of 
tbo  utaoat  was  roolly  done.  Also  frra  tbs  o&Jsstivo  standpoint  the  coaHtian  v»» 
doaosrouo,  although  It  ia  hard  to  see  thin  freu  t!a  curves  without  any  difficulty. 
IP  ^olna  and  145  sa  Hs  bloodprosiuro  dost  neon  a  collcpco* 

Tbo  dleturbaaso  tec  to  bo  fcand  centrally, so  th:t  the  ccasuribloa  cten<*a 
only  appear  oa  the  coasa.jwocco  ana  slices  of  thl*  Interior  dxmss* 

Bf  all  kinds  ef  thaases  la  tte  evolution  of  Hydros Cjtbo  body  trie*  to 
acoUsutielae  to  tho  changed  coalitions  of  Urine. 

If  tho  body  la  mot  succos5fuilta  coilaioo  wait  enter. 

At  e^jcriswot  person  Eo.12  this  oc  cured  to  cicely  after  the  md  of  tbo 
osporlnont  as  aocount  of  a  cuddci  ladiipoaitica.  Although  the  taking  of  blood  out  cf 
tfea  carflcpe  usually  oscurtjd  todi^tcly  after  tho  atr.\npo,  rajurtont  peram  Ho.  Id 
toodiatoly  ateppod  cut  uiMx  orod.  ucrcat,cad  a  foe  ling  cf  p*esouro  la  his  atocao* 
iio  at  ooce  tried  to  root  .bat  tlca  na  to  tho  vatcrfouatala  oa  account 
of  very  bsasy  otoap.ctro^bla,  where  to  coll^aod*  Tho  £a6€,  Khjph  vas  up  to  than 
cyqcotic,boccao  «Uroly  white.  ^  Jyiac  do.71,  this  esrerimtl  .  «raon  ooon  reco¬ 
vered*  Tbo  pxlza  all  tbo  tine  me  Vary  regOar  oui  well  filled. the  toooo  «r  tho 
heart  quite  nccoal* 


Tho  remit  cf  this  personal  lzaroctl^Ute  of  this  can  showed  t 
7  «  «  if  be«  tho  oveateB  before  md  coin*  to  bod  at  cnly  ?  Cloak  at  nfcht. 

...  otter  eapoxicTOfc  pereoao  (do*lO  adU)  could  wt  otaad  the  hut 

either* 


Iter  took  a  lot  cf  alaobsl  tba  day  lafbmA  However  they  oal y  ind  a  alight 
eouagae,  at  thy  wra  a^poaad  to  only  50  roontc-poratoro  cod  iaatstcd 
upon  tba  atoppinj  of  the  ajtpcrlnusfc  tlreidy  at  a  loss  (karoos  condition* 

At  wpcrisnat  panua  So*  IS  tweror  ,blood^reosuro  so!  polio  were  not 
Waal  before  tbo  bogtelcg  of  tbs  a^periooct.  Th»  Uooloiroalfttloa  in  this 
MM  mAt  irctaondcw  affxta  to  *tsp  tbs  rapidly  rising  tecporaturs  9  but 
After  35  aiaatea  saa  cot  cble  to  centime  this* 

At  exporisnrt  person  k'o.  10  and  '.0,  12  tbo  bloaI;rcsrarea=nlltilo 


boons  aflttHcr  ab*tly  before  the  eoll^.co,  «  a. ^  dally  by  aiclifv*  of  that  eyoto* 
lla  bloodggeoaaro*  Lxporiaeel  per  sea  "0.  7.  ao  tl»  only  era  felled  completely, 
at  tbs  reaction  tics  (S5-  faults  )  col  -oe  tli’ceiy  vary  aorraia  before,  at  a 
UaSfitere  tbo  bloodpreaaaacIocpUtuij  with  really  ssolU 
9m  Mating  «f  blob  bloodpraaoure  at  tbo  tested^,  tbo  ainlias  at.  oxperladLa 
la  tba  unldrprftaaacchaabor  after  a  rUo  c*d  eoIUpao  was  feurd  by 
froXbaoor  Bauaorar,  Juat  os  at  a  certain  acceleration  tbo  coporiraat  peroaoa 
lost  tba  ngBacfeusaeae  If  tba  bloodp-tciura  wj  failing. 

1^1  n  2a  or&r  to  taccrtsio,  bov  on  air  cooling  effects  ca  tie  cia^le  jeo osum* 
•Isas  tths  Mpciaod  pcrsocu  nor*  hlara  full  of  air  at  a  rooo- 
tooparotwo  of  by  a  kiad  of  a  thar-lrd  ochinsl  TI-o  current  of 'air  coo* 
atestfy  bit  tbo  face  and  tbs  throat  flraa  tbo  richt  silo  with  s  velocity  of 
Vr^i  tho  evit  cf  tbo  pile  (40  c*  bo-ora  tho  bond  } 

At  tbo  bead,  tba  current  air  wo  only  2,2  c  /ecb# 

2a  a  ai-^ta  obute,  zwra  than  VJ  liter  of  fresh  eir  case  into  tba 
ream,  «bicb  naturally  bad  to  b»  bcctcd  cash  stra^yr*  icccrdiasly. 


!•  Tbs  aimsyc.Tcr.t  bad  a  pjira  coolin^cffcct  by  the  lesr  tenparsturc* 

Ivan  if  cj  before  tbo  reoa  t«e?*rctur*i  of  ip  wo  nooaured  io  tbo  cf 

tba  bso£,iI»  tc^ar-tere  of  tea  air  at  tbo  terectapot  la  tba  fact  wo  cartels* 

2y  another  fow  dc^ycw  Iswr. 

Tbo  coollnj  effect  cf  t^a  perspintien  «s  ccaaiicr-hly  increased  ,aa 
it  could  erepereta  such  Utter  «ai  tie  frechJy  hoctoi  cir  wo  -bio  to  accept 
tbs  Wdfcot  wour.t  of  wt«cv*par. 

lr.  tbo  literature  booevar  the  positive  effect  of  tba  osrod  air  at 
tnparaturen  of  XA  ^  vvry  web  doubted  (:ee  A  lleso  ,  teccit,  tbrarh 
yocogloa  -Tiller  ) 

/■cccrdlns  to  tfeae  mothers  tbo  assure  4  airnovenont  in  -ueb  casot 
la  naftevcrable,  os  tba  bet  air  Us  a  better  affect  on  tba  txxy  ud  so 
cooliaycR^csa  lo  fera.cL 

Although  tbo  te^pcrtiUrea  wsv  partly  Meter  then  in  tbs  aapori- 
MVt  without  circsoilnf,  uo  oolla.ea  entered  oni  crca  after  CD  ainatoa  the 
OCDdUlen  r&3  hcrxr.blo. 

Th*  ays  tolls  bleo^rw^uv  wtailljr  crops  *ni  then  irebjilly  risas^but 
acre*  Ofcr  UDnf;,  Tbo  ilb^Uiia  blocb,.rceeur»j  rv-wLc..  constiat  or  ct 
tba  bisiaairr:  riwoe  a  H’.IL.  bit,  b;  or  for  to  fell  ihta  gre<buUy  lo*15  m. 
to  that  t&e  cespUtdo  al^ya  UcxoS  ffaUr.  . 

thl»  h-.s  to  be  Cii3iic4-J  ea  s  v^ry  ent,  u  at  tba 

pxarioos  aaperlacatj  racily  each  diainanticn  of  tii?  asplituda  was  prcccdod  by 
a  etrorc  deter  loro  tier,  cf  tbo  &a>r+ 1  condlLitu,  eopccUUy  it  bu  a  drop  of 
tbs  aptotic  bloabrcnonro. 

Ths  isa  ccEpcricaco  ma  aide  by  rrofasnar  tr*  Kcnho  with  an  «^crt- 
aset  oa  blTjelf  At  the  andcr^owwechnsbcr  at  if>5  so  •£.  alrprcssaro. 

Ho  fenrd,  tbit  is  tba  anlcr/iceoarc  tbc  crop  of  tba  flyotolis 
pnasurs  alaoat  alone  rodxao  tba  sapUttatajahUat  tbs  diiatollo  preasara 
adpaoUUy  at  persona  «ttb  a  yet  poaar  of  mi. stance  abound  a  tendency  to  rise. 


-*• 


The  pulss  first  of  til  rsae  Just  tho  r  me.  however  n»h  aimer  after 
30  ciautos  in  crCer  ts  bewo*  sore  ftv~uenb  after  55  olnutos* 

lid  piVations  *  nln-Xo  after  &  sicutos  wuro  abuolatoly  bearable. 

There  ^une  rerer  any  troubles  fras  the  0 Ids  of  tho  toart  touarcr,  The  rlso  of 
teQfereturca  van  cru-II  ao  to  60  clan  es  *but  then  atrarv^cr,  tut  fjrca 
this  cllo  accurate  fic^ros  could  hare  been  fixed*  The  uaboro  uf  the  tco» 
peraturr-  end  pulne  never  stood  in  a  yreyortiaa  at  ore*  and  the  etc  person* 

F.  I*  i^perinant  person  fi  in  flffurent  experiments  ha$  a  body  toape- 
raturo  of  L',0  and  L.0  uulaa  at  30,5 '  Cn  Keraea  ho.  ^2  at  33  J  bad  a  body 
Unpcrr.ture  of  105  and  a  pains  of  116.  Cnly  t*i»  dacccndiag  tugloj  of  both 
corvee  sboaod  a  .great  rosn  :,i \nce, 

la  tbs  C7era.ro  culrulmticos  the  valuas  «<;vl^ra  already* 

At  an  o-'uul  boiytaiperaturo  the  frequency  of  the  poise  la  higher  at  a  £ro 
ter  effect  or  tho  twet* 

If  tho  inoivr.oed  bcatlrjjmlurvn  (I*!nan  U  Irving  Fisher  )  had  to 
be  eoacfccnxl.  It  cm  h»  isacic..-*!  ihich  enaraoas  vet'n  a  hssirt  ban  to  p:rfam* 
For  tbs  noroarchos  with  eirccollx;  (Tcblo  HI  }  the  valnea  of  tho 
hi  -a  tro  relatively  high*  as  cr.Jy  al  ter  a  cosaldercMy  Icagcr  tiro  a  body- 
teRjx.ruturv  of  32 J  cor.  bn  obtained, 

loss  of  weight  ass  oirrsyc  ccoeldcrrhlc  •  a  pert  of  this  loqo  is  dco  to 
Use  f-n  »  ,  th». t  a  tronondaus  loea  b7  e~rct  hvs  to  ba  cava  tiered. 

After  33/30  f-ilnutes  the  cront  .Jo;rcd  dam  it.  hi?  drops  fim  tho  foco* 
the  Kt  ®  froa  bretot  and  oim«  (diilst  cn  the  ether  ports  of  the  ba$y  *  ^ 
well  dlctrilxitnd  eraucentien  althout  tny  farsaUm  on  drepa  tone  place* 

ft.  cca  l>i  triaa  for  rmntcd  Xroa  tho  in creerad  jv r.JraUcQ#that  also 
tho  great  surface  cf  lungs  na  inCLuonccd  for  Uu»  cooling* 

An  irxrccced  cse^npUcu  if  CP.  crut  be  the  reason  for  this, as 
acccrc-icq  to  leh-srn  4-  :  tubvIJl  cul  also  berrfmluicr  tyo  ccnscripticn  of  O2 
in  the  beat  la  uf.y  slightly  snollcr,  but  risen  K>'cr  aero  tb-\a  lQ£l 

Also  IVofseasr  Adolph  never  found  *a  ovorre-pizT.tica  although  he  desa 
boa  the  b.  tat  in  ca  raeplng* 

CrAy  cva;*craU.aa  of  eater  bus  beta  succeeded  at  cMch  the  hot  sod  dr] 
air  is  chunked  Into  cold  «i  wief  idled  air*  Therefore  blood  u  nil  as  air 
were  cooled  in  tbs  ling* 

The  rise  c C  tho  outer  evaporation  is  absolutely  ncccaa.vry  as  at  such 
inorw-jcd  tuspjrsturws  tho  elcarrtim  sf  Loot  by  transfer  cad  radiation  docs 
oct  tx^»  place, side l^ase  usually  i'Xuxd.vi  la  tbs  fclli.v»  of  bodyte^peraturcs 
free.  3C  juVas  1L>  -  V2  •  He  psaaibHItigs  of  c,%~antiaj  la  Cie  ^busbor  esro 
usually  sufficient*  7U*  huuidlty  of  tlo  air  in  too  roots  and  at  the 
bcyinnlv,  cf  C»  QT^crlocnts  lr.  tho  uilh  the  hiiibjrjrccster  ^relatihtl; 

Bleared,  anauntA  to  60f  at  .  0 

At  tho  exptrinoat  at  %t  m&L,  at  55  ct  60  -12!. 

At  the  beglmling  tuasff-nre  i>><;  U'iii  or  wstor  pro  iihLretcr  were 
calculated  cod  it  tho  end  pcx>  ^fJiautcr  sir>  ss  that  a  ywt  pooiip 

bilily  of  CTwf>oc*utliJU  usj  av  XL-dda  In  t  h>  roan* 

‘.ho  Isos  of  weight  IX.uiaity  at  iivisim  I  counts  to  1^2  FHagraas  in 
€0  niauUs  ar  R  XI  1*6  Xlln^seua  in  7>  sinutes,  end  R  HZ  1*6  H'ayaa  in 
S7  oiautoe  * 

Ha»  result  tuerefere  was  t  Pro  1  rise  of  tmpemture  *  Ices  cf 
sweet  of  23  &4>*r  boar  at  5oJ  which  should  csrrc spend  to  a  ooolfcrcs  flf  22*2 
Kel*  cr  oa  .'iooaU 'peraturu  f "  inercaco  of  555  culcr’ce* 

Uj  cyaxi  per  btia*  u.  . ,  ^  -  rf4  oaisrics,  elite  pithor 

32  £T«aa  per  hour  at  ?y  aai  blodng  in  -19  calorico-570  Cal  clltogif 

0 

Iheaefigaras  ere  err  alder  ably  under  tho  w  aloes  of  62  cren  pro  1 
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sad  hour  la  tbs  Desert  olinat#  u  rtrofeseor  von  Adolph  found  it. 

At  th>  counianing  of  th«  Red  bloodoorpuscles  seas  difficult  is®  oc  cured, 

Aft  da®  to  the  lack  of  tia®  the  counting  could  not  Always  be  added  isoodiately 
to  the  Uking  of  blood  *  j 

However  the  oerrespending  values  at  experiment  person  13  end  21  speak 
for  a  certain  exactitude  (Correctness  }  .At  the  considerable  lose  of  water  the 
blood  evidently  is  thickened,,  The  olocrer  the  loss  of  swat, the  stronger 
the  thickening  (CKperimnt  person  13  end  21)  ne  the  llr.uldit£  can  pour  only 
•lowly  from  the  cells  into  the  veins.  I  fiaher  Already  after  15  minutes  found  j 
ft  pouring  of  cell  lalquidity*  At  the  end  of  the  exparlacnt  with  the  cessing  of  ! 
the  sweat  loss,  the  blood  he®  to  cock  back  to  a  narcal  concentration. 

This  occur®  very  fast  at  the  single  experiment  person®,*®  taore  ere  no 
figures  to  make  fer  the  degree  of  thicfcjning.  15/30  ainatos, after  tbo.  j 

breakup.  j 

the  erytfarocylical  figures  approach  again  to  tba  normal.  At  Baxett  ( 
without  additional  liquidity  frees  tho  outer  side,  tbs  bloodconccotraticn  is' 
Najaia  noraal  after  a  henry  H20  loss.  1 

It  Is  c  aa  epic  Jens,  that  at  people  in  a  hud  condition,  tbo  thickening  ■  , 

tabs®  a  sauch  longer  tins,  ptethcr  tbs  incroase  of  the  Eryththrocydioal  figures  - 
prove®  a  thickening  of  the  blood,!®  net  admitted  by  com  authors.  Bascftt1  /; 
also  oaks®  a  pouring  of  Erythrocyte*  out  of  the  spleen  and  bom  narrow  A  j 
responsible  whilst  Dr.  Hiller  ha®  the  standpoint,  that  a  thickening  of  the  bloc, 
la  net  possible  at  all*  .  i 

Tho  world  wide  faaous  FSrofcssozeBr.  Lehman  -Xzakall,  Schusmana 
and  Sr*  has®  sad  Dr*  Baxatt  are  entirely  far  tbs  thickening  of  tho  blood. 

The  exchange  of  water  will  be  node  possible  by  an  increased  capiUarwal 
Usability,  which  hr*  Schuonaan  counts  as  a  peat  ham  to  the  Capillarnall  under  j 
serious  infoctloosjSoe  Professor  ^pplinger  ;  .■■■•'■• 

i 

T He  times  of  the  reaction  and  the  psydiotochnioal  tests  did  net  show  ; 
any  valuable  reaulto*  At  the  reading  and  cancalling  cf  the  letters  the  oxer* 
else  always  excelled  the  damage  caused  by  bent  which  possibly  entered* 

At  the  tins  cf  the  reaction, only  exporimnb  soldier  So.  9.  already 
sanotime®  before  the  end  of  the  eyperimit  ahojfsd  a  lack  of  concentration 
capacity  and  a  lack  of  a  quick  reaction,  whilst  at  all  tho  other*  Exporloent 
persons  the  tins®  cf  the  reaction  were  normal  also  shortly  before  the 
collapse  entered* 

Tbs  recovery  always  succeeded  quick  and  good*  The  ncraal 
.  hloodpreseure  after  20  minutes  was  recovered  again* 

If  at  the  beginning  the  values  were  over  the  ncrasl  figure®, 
they  dropped  after  the  ©*ijorii»nt  m  the  usual  height*  Tbs  dropping 
usually  oosurod  ve;y  straight  up,  in  the  fSrct  5  minute®  however  sometime® 
delayed* 

Tta  Pulse  retarded  during  the  first  10  minute®  very  <suick ly,  about 
30/tOpulsati ons,U&  then  wx»U  slower,  so  that  after  20  minutes  them  mm  still j 
20  pulsations  ma va  pro  minute  thm  at  tea  boiinnlng.  ; 

Also  after  tho  showering  the  heart  In  most  of  the  oases,  still  bate 
quicker*  j 

Kakuyeffs  observation  ,  tbit  the  pulse  recovers  such  quicker  as  j 
the  ploedpressur®  only  praise  right  for  the  first  minutes  of  tee  recovery 
tie#.  .  o 

Although  the  roam  temperature  etiU  was  higher  (30/55  )  the  body 


rw 


) 


i 


i 


f 


0 

taspnrature  dropped  o,6  each  Xf>  ninutcs.  After  2o/J0  minute o  ths  aid  emditicn* 
was  notyet  recovered  again*  In  4  casos  uith  higher  starting  temperature  37-37*4C 
tbs  body  (ttoUaQtio&od  after  ths  er^crisent  to  a  lcaer  stand* 
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Although  o  room  tosporcturo  end  the  subjective  condition  vt»  sot 
always  cotlafcctorily,hoawic!x:3  and  elicit  outbreak  ir  cneat  and  a  general  weals*  1 
cess  kept  on  for  at  Iras*  too  sa*  da/  fTca  these  hard  «nd  tiring  experiaanta*  j  | 

If  the  experiment  r,i\s  stopped  at  ths  experdmit  person  on  account  I  j 

of  ittlispositio?  or  oven  a  collapse,  so  the  next  days  eboaud  a  greater  | 

uensibility  against  heat  end  tsx  almost  depressive  ferr  before  each  kind  of  |  1 

heat  border.  At  capcilnt-nt  person  No.  13,  this  ccrdlUon  kept  cn  for  another  1  j 

V  wiys  cccx?ap?ja46d  by  really  dicrgreccblo  jiains  In  the  htekhoad.  ■  .  |  | 

At  the  ellghteet  physical  and  cental  reasons  a  sadden  breakout  2  j 

of  (moot  eaUrwd, conditions  ,a»  tbry  cere  observed  hy  hr.  HlrachftaH  after  f  ’ 

strokes  at  itoipbo&tcra#  j  ! 
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